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INTRODUCTION 


It may now be regarded as well established that distinct species and even 
genera of fish hybridize in nature, at times with considerable frequency. 
The natural crossing of species has a bearing on several lines of biological 
inquiry—growth, nomenclature, speciation, genetics, and wildlife manage- 
ment—and consequently calls for a thorough analysis. To ensure an inten- 
sive and compact treatment we have selected for the present study the 
hybrids which we have thus far recognized in the Catostomidae, a single 
family of almost exclusively North American fresh-water fish. Much work 
has been published! in both Eurasia and America on interspecific combina- 


1 Some key references on interspecific cyprinid hybrids are: Heincke (1892), Hubbs 
and Brown (1929), Schmidt (1930), Hubbs and Schultz (1931), Matsui (1931), Berg 
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tions in the closely related family Cyprinidae, but no hybrids between 
catostomid fishes (the ‘‘suckers’’) have previously been described. 

This paper is the product of a division of labor. Carl L. Hubbs made 
the identifications of the hybrids and is responsible for most of the interpre- 
tive treatment. Laura C. Hubbs carried out the almost endless mathematical 
calculations. Raymond E. Johnson, as research assistant, made nearly all 
of the counts and measurements (about 2000 on the hybrids and a much 
larger number on the parental species). We joined in planning and carry- 
ing on the details of the investigation and in preparing the report. 

Grants from the Horace H. Rackham School of Graduate Studies, of the 
University of Michigan, made it possible to conduct this analysis and to 
publish the results. The gifted hand of Grace Eager produced the pictures 
of the lip structures, which illustrate well the intermediate characters of the 
sucker hybrids. Leonard P. Schultz collected many of the specimens studied, 
and collaborated in the first identification of hybrids between Catostomus 
macrocheilus and C. syncheilus; he has also loaned us 2 specimens from the 
National Museum collections. Robert R. Miller carried out the field work on 
the hybridization between Catostomus, species, and Pantosteus santa-anae 
and collected part of the Catostomus tahoensis x Pantosteus lahontan ma- 
terial. Professor Cecil C. Craig, of the Department of Mathematics in the 
University of Michigan, derived for us a formula for determining the stand- 
ard error of the hybrid index (as described below). 


MATERIALS AND METHODS 


The natural hybrids analyzed in this paper were obtained in the course 
of the systematic study of North American fresh-water fishes which has been 
stressed at the University of Michigan Museum of Zoology since 1920. Of 
the 182 hybrid suckers studied, 76 represent 3 hybrid crosses in the genus 
Catostomus and 105 exemplify 7 hybrid combinations between species of the 
genera Catostomus and Pantosteus. 

Only a few of the specimens were recognized as hybrids in the field, and 
even then the collections may be regarded as random, in regard to the num- 
bers of hybrids and of parental species. When the hybrids were identified 
in the field, as in Sucker Creek, Oregon (where Catostomus macrocheilus 
and Catostomus syncheilus syncheilus cross), further collecting was designed 
to secure series as large as possible, not only of the heterozygotes but also of 
the parental types. The only trip made for the special purpose of securing 
additional specimens of hybrid suckers in streams where they are known to 
occur was to Sespe Creek, California, where Catostomus, species, and Pan- 
tosteus santa-anae cross. Additional material of any available suckers, to 
augment the hybrid material, was otherwise specifically sought only onee— 


(1932-33), Schultz and Schaefer (1936), Geyer (1937), Raney (1940a and b), and 
Hubbs and Miller (1943). A large number of other references are given in Dean’s 
Bibliography of Fishes (1923, 3: 505-7 ) and in the Zoological Record. 
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from the Colorado River drainage basin of Colorado, where the apparently 
introduced Catostomus commersonnii sucklit was found to be hybridizing 
with a native sucker, Pantosteus delphinus delphinus. 

All of the material reported on in this paper is contained in the Museum 
of Zoology of the University of Michigan (U.M.M.Z.). 

The methods of study were those employed in the more precise systematic 
investigations of the present day. The suspected hybrids were scrutinized 
for any possible characters of structure, form, or color, by which they might 
show their relationship to the presumed parental species. Special attention 
was paid to diagnostic features in the structure of the mouth (Pls. I, II, and 
VI) : the degree to which the upper lip is flattened out; the tendency for the 
outer face of the upper lip to be smoother (less papillose) than the inner 
face, and to be ridged and reflected so as to partly cover the inner surface; 
the presence or absence of an emargination at the outer lateral angles of the 
mouth ; the depth of the median incision between the lobes of the lower lip, 
the width of the union in front of the incision, and the number of rows of 
papillae crossing this isthmus; the width, strength, and shape of the carti- 
laginous ridges of the jaws, inside the upper and the lower lip; the degree 
to which the gape is arched, or transverse; and the width and the length of 
the mouth. The size, shape, and prominence of the snout were also empha- 
sized. 

In order to permit statistical analysis of differences in proportions and 
of differences in the numbers of dorsal fin rays and of scales, all measure- 
ments and counts thought to be critical and obtainable with accuracy were 
made. These determinations were taken according to the methods outlined 
by Hubbs and Lagler (1941: 12-20). The predorsal length, as here given, 
is the distance from the tip of the snout to the front of the small, embedded 
predorsal plate, at a place where, upon slight pressure, the divider point 
comes to rest. The width of the mouth is the greatest over-all measurement, 
taken after the lips, if distorted in preservation, have been molded into ap- 
proximately normal shape. The length of the union of the lower lip is the 
distance along the mid-line from the front of the cartilaginous ridge of the 
lower jaw to the point of the V along the extreme posterior edge of the lip, 
disregarding the shallow groove which extends some distance forward. 

Measurements of the appropriate parts of the body were taken with a 
dial caliper reading to 0.1 mm. and estimated to 0.01 mm. Such refinement 
has little significance with the larger dimensions, but is important as a source 
of avoiding errors in measuring small parts. The measurements are calcu- 
lated as thousandths of the standard length. 

Comparable counts and measurements were made on selected material of 
the parental species as well as on the hybrids. An effort was made to-find 
specimens of the species which were from the same locality as the hybrids 
and which were about the same size. When such material was not available, 
examples which were as nearly the same size as could be found were selected 
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from as near by as possible. When they covered a considerable size range 
the hybrids and parental species were divided into size groups of limited 
extent, so as to render the proportionate measurements reasonably compara- 
ble. These groupings are indicated in the table of proportions for each 
hybrid combination. The method of relative-growth analysis is more pre- 
cise, but was not thought practicable for this study because of the small 
number of hybrids. 

The method of counting the pelvic rays needs some comment, as the num- 
ber of rays in this fin provided a valuable check on the interpretation of 2 
types as hybrids. Pelvic ray counts are not generally listed in systematic 
descriptions of suckers though they have been shown to be of value in this 
family (Hubbs, 1930: 20-21, 37). The sum of the counts of both fins is the 
unit of tabulation. A variable sliver-like ray at.the outer edge of the base 
of the first main ray is disregarded. Each of the 2 to several rays that are 
often approximated or even partly fused is included in the count. Occa- 
sional fins that are lacking, rudimentary, defective, or obviously injured are 
not counted. 

In the tabulations and computations all counts for each stated combina- 
tion were treated as a single statistical array for all the hybrids and for all 
the specimens studied of each parental species. In contrast, the computa- 
tions based on measurements were made separately for each size group at 
each locality. 

The means and their standard errors are given. The standard errors of 
the means (S.E.) were computed according to the formula 


The standard deviation (o,) of the noncontinuous variates was obtained 
according to the commonly used formula 


dd? 
2 SS ig ete 
(2) Ov N-1 
The coefficient of variability is 
_ 100, 
(3) Ve 


The counts are all tabulated according to the hybrid combinations 
(Tables XXXII to XXXVII). Because of the variations with age and 
locality, no simple frequency tabulation of the proportionate measurements 
is warranted. We can, however, obtain figures (hybrid indices) which por- 
tray the relation of each measurement in each hybrid to the mean value for 
each parental species of a comparable size group from the same or an ap- 
proximate locality. We can then combine these indices in any way that is 
desirable. 


Character Index 


Owing to the approximation of their characters and to the considerable 
individual variability which they display in each respect, it is difficult to 
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identify suckers and their hybrids on the basis of Single traits. The use of 
combinations of characters leads to more certain identifications. For this 
reason we have found character indices of particular value in the present 
study. 

The term ‘‘character index’’ was proposed by Hubbs and Whitlock 
(1929: 470), who found the need for a simple mathematical expression of 
several differential features. Following this introduction, character indices 
have been successfully applied in fish systematics for the separation of 
closely allied forms by Koelz (1929: 426), Schultz and Welander (1934: 6), 
Hubbs and Cannon (1935 : 27), Schultz and Thompson (1936: 74-75), Hubbs 
(1936: 189-93 and 249-50), Hubbs and Kuhne (1937: 13-14), Schultz 
(1937: 19-20), Schultz and Reid (1937: 211-12), and in a few other works. 
Schultz and Schaefer (1936: 5-8) first applied a character index in the 
determination of fish hybrids. Hartweg (1938: 3-5) and Woodbury and 
Woodbury (1942: 138), respectively, applied the method in chelonian and 
ophidian systematics. 

The character index, under the name of ‘‘general index”’ or ‘‘aggregate 
difference,’’ has also been introduced in botany (Anderson and Whitaker, 
1934: 35-38, Fig. 4; Anderson and Abbe, 1934: 43-49, Fig. 1; Stebbing, 
1942: 228-30). The method of computation of the botanist’s index (taking 
the square root of the sums of the squares of the individual differences) has 
not been employed in ichthyology, but the scope and significance of their 
index, as stated, is the same as that of the ichthyologist’s character index. 
It is of some interest that methods for summarizing characters into a single 
index figure were independently proposed by botanists and ichthyologists. 

The use of character indices and of other statistical combinations of 
characters, such as the physical anthropologist’s ‘‘coefficient of racial like- 
ness,’’ has lately been severely criticized by Ginsburg (1939). We see no 
reason, however, to doubt the value of the method. Proportions and ratios, 
long used in systematic ichthyology, are simple character indices—these, no 
one queries. It is the somewhat more complicated formulae that, on first 
attention, may appear to be incongruous or to be the mere juggling of fig- 
ures. No arithmetic combination of characters, however, can bring out dif- 
ferences which do not exist, so long as we apply the identical character-index 
formula to both types being compared. When the data are limited a source 
of error may lie in the selection of character combinations that happen to 
yield results in line with expectancy. 

Contrary to Ginsburg’s claim, character indices may measure not only 
the significance of differences but also degrees of divergence. Very few, if 
any, kinds of animals differ in a single character. The forms are separated 
by combinations of characters. Races and subspecies, as well as ‘good spe- 
cies,’’ tend to exhibit what Goldschmidt (1940) has called “‘different reac- 
tion systems’’ (Hubbs, 1941c: 276). Since the types are inherently charac- 
terized by combinations of characters, the validity and the amount of their 
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differentiation might often be better indicated by indices which measure 
several features than by simple counts or measurements of single traits. 
Only the real difference between 2 populations is shown by a character index 
which, on the basis of adequate samples, largely or wholly eliminates the 
overlap in frequency distribution that is evident when one considers sepa- 
rately the traits which were combined to form the index. Forms which 
differ consistently in an ensemble of characters must have attained full spe- 
cific distinction. 

The computation of a character index somewhat resembles the action of 
the mind in the impressionistic identification of kinds of organisms. The 
experienced mind which with little error can distinguish Japanese from 
Chinese men synthesizes a large number of more or less unrelated features, 
any one of which if measured and analyzed would show a great overlap in 
frequency distribution. 

One main advantage of a character index—and this advantage tends to 
accrue, the larger the number of traits combined—lies in the fact that a 
character aberrant enough to cause one form to resemble another with which 
it is being compared tends to be offset by other characters which will proba- 
bly not vary in the same direction. The character index gives joint expres- 
sion to a number of traits, minimizing the importance of extreme fluctuations 
in single features. 

The present work provides examples of the utility of a character index 
in sharpening the expression of the difference between populations; in our 
case between a hybrid and each of its parental species. Thus, a character 
index (Table V; Fig. 1) based on the scale and ray counts of Catostomus 
macrocheilus, hybrids, and C. syncheilus shows the relations between the 
hybrid and its parent species much more emphatically than does any of the 
sets of counts considered alone (Tables XXXII-XXXVII; Fig. 7). Again, 
subtracting certain scale counts that are low in one type from those that are 
high in the same form, gives us an especially sharp and valuable indication 
(Table XVIII; Fig. 5) of the difference between certain hybrids and their 
parental species. The difference thus shown is a true one, reflecting only 
what exists in the organisms—in no sense an artificial concoction. 

Some doubts may arise as to the statistical treatment of character indices, 
but we have been informed by statisticians that such values as standard devi- 
ation, standard error, and the like may legitimately be computed for an 
array of the indices, provided that each of the combined characters presents 
in itself an approximately normal frequency distribution. This proviso will 
ordinarily be met. 


Hybrid Index 


The hybrid index, a special type of character index, is designed as a 
simple expression of the relationship of the traits of the hybrid to those of 
the parental species. It may be obtained separately for each character of 
each hybrid specimen, and the individual indices may then be tabulated for 
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all the hybrids to show, for example, how the average number of dorsal rays 
or the average width of the mouth of the hybrids, as a group, compares with 
the mean value for each parental form (Table XX XVIII). Also, the sepa- 
rate indices for all traits in any given hybrid specimen may be averaged so 
as to indicate how the individual, in the ensemble of its characters, compares 
with each parental type (Table XX XIX; Fig. 8). 

Anderson (1936) proposed such an index for the analysis of plant hy- 
brids, and his method has been followed by other plant geneticists and sys- 
tematists (cited by Riley, 1939). This method is not regarded as adequate 
for the analysis of fish hybrids. It assigns the value 0 to the measurement 
or count of one species, 2 to that of the other parental form, and 1 to that 
of the hybrids, if they are intermediate. But there are all degrees of inter- 
mediacy, and every gradation from the one parental type to the other. 

A somewhat similar method for computing a hybrid index has just been 
used by Ripley (1942: 57-58, Fig. 1), in an analysis of hybridization be- 
tween species of birds. By judging the differential degree of resemblance 
Ripley assigned scores for each character, on a scale grading from 0 for one 
parental species to 10 for the other, and then averaged these scores for each 
hybrid specimen, so as to provide a numerical expression of its similarity 
to each species. 

The hybrid index as here used was introduced by Hubbs and Kuronuma 
(1942: 291). In any comparison each individual or average index is ex- 
pressed as a figure on a scale of 100, in which the average value for the one 
parental type is set at 0, and that for the other parental type at 100. With 
Vu representing the value of the character of the hybrid, M, the mean value 
for parent, 1, and M, the mean for parent 2, the formula is, therefore: 

(4) Position of the hybrid (P) = oe 
Dim Bl 
(5) Hybrid index (I) =100P 
In the present paper we have applied M, to the parental species which seems 
to be the more primitive. This is the coarse-scaled, short-nosed species in 
the Catostomus x Catostomus crosses, and the Catostomus species in the Ca- 
tostomus x Pantosteus hybrids. It is recommended that such practice be 
followed whenever a decision as to differential primitiveness is feasible. 

It will be noted that a hybrid index of 50 denotes exact intermediacy 
between the parental types. A summary index of 25 in a Catostomus x Pan- 
tosteus hybrid would indicate a correspondence 3 times closer to the Catosto- 
mus parent than to the Pantosteus. 

The hybrid index is of particular service in testing the assumption of 
hybridity and the mode of inheritance. If the assumed hybrids are merely 
selected specimens of the 2 species, or if characters show strict Mendelian 
segregation, the individual indices when combined would show a bimodal 
frequency distribution with modes close to 0 and to 100 on the scale men- 
tioned above. A unimodal curve with the peak near 50 would confirm the 
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interpretation of the aberrant specimens as hybrids, and would indicate a 
multiple-factor type of inheritance for systematic characters (or—as a gen- 
erally improbable contingency—merely a lack of dominance). Should the 
values for 2 or more unrelated traits in a given set of hybrids yield such 
unimodal curves, intervening between those for the parental species, the 
assumption of hybridity would appear to be well established. 

An average index of about 50 could be obtained by mixing typical speci- 
mens of each form, or through Mendelian segregation, which would cause the 
hybrids to resemble one parental species in some respects and the other 
parental type in other characters. But in either case the frequency distri- 
bution would be bimodal. The fact that the summary indices for all charac- 
ters for each individual tend to average near 50 might also result from a 
mixture of specimens of the 2 types or from genetic segregation. To clarify 
the situation, therefore, the indices need be summarized for single characters 
and for all characters, as well as for individual fish. 

The hybrid index is computed directly for hybrid populations by substi- 
tuting the mean value of the hybrids (My) for Vy in formula (4). 

When the number of hybrids and of each parental species approximates 
or exceeds 30, when the frequency distribution is approximately normal (as 
it usually is), and when the dispersion of the difference between the values 
for the 2 species is relatively small as compared with the difference between 
the average for the parental forms, it is possible to make an approximate 
computation of the standard error of the hybrid index (S.E.;) as follows: 
ie _2P o1” Bs On? + =| 


O17 +027) 6374+ 62” 


O17 + O9” 
a a 

(6) 8.B,=100 ,/ a= My) 

H 

In this formula o= standard deviation of the mean (M); the subscripts 

refer to parent 1, parent 2, and the hybrid ; P is the position of the hybrid 


(formula 4) ; and Ny is the number of hybrids. 


CRITIQUE ON SUPPOSED HYBRIDIZATION BETWEEN SPECIES OF 
MBGASTOMATOBUS, ICTIOBUS, CARPIODES, AND MOXOSTOMA 
Before presenting our original data we consider the only previously pub- 
lished statement on hybridization in the Catostomidae. Thompson (1935: 
492-93) wrote: 


While it has not been proved that the so-called ‘mongrel’? buffalo, Ietiobus urus, is 
really a hybrid between the other two native species, there is a considerable body of cir- 
cumstantial evidence to indicate that such is the case. Some of the difficulties of identi- 
fication in the genus Carpiodes and in the genus Moxostoma may be attributed to oeca- 
sional hybridization within these genera, 

Issue may be taken with these statements. Difficulty of identification in 
the genera Ictiobus, Carpiodes, and Moxostoma is admitted, but appears to 
be due not to hybridization but rather to 2 other factors: (1) a tendency for 
the species to be characterized by a combination of traits, none of which by 
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itself may be invariably distinctive; (2) a common failure to recognize or 
to appreciate all of these characters. The rather clear diagnoses of the spe- 
cies of Ictiobus (including Megastomatobus) and of Carpiodes, given by 
Forbes and Richardson (1909, and 1920: 68-80) were supplemented by the 
study of Hubbs (1930: 8-16). Most of the characters of the Mississippi and 
Great Lakes species of Moxostoma are rather weakly distinctive when con- 
sidered individually, but are adequate for identification when taken in com- 
bination (Hubbs, 1930: 16-32). When all the characters presented by these 
authors are taken into account and the specimens are subjected to intensive 
study, doubt seldom need arise concerning the specific identity of any of the 
suckers of the Mississippi Valley and Great Lakes region (with the probable 
exception of 3 pairs of species, discussed below). 

The suggestion that Ictiobus wrus (=I. niger) may represent hybrids 
between Ictiobus (= Megastomatobus) cyprinella and Ictiobus bubalus finds 
very little if any confirmation. It is true that some of the characters of 
I. niger are intermediate between those of M. cyprinella and those of I. 
bubalus, but other features of I. niger are not intermediate. Apparently 
having in mind the idea of hybrid origin expressed in the fisherman’s ver- 
nacular name, Forbes and Richardson held: 

The mongrel buffalo [I. niger] appears to vary somewhat more than either I. cypri- 
nella or bubalus, but we have met with no cases which appear to show intergradation with 
either. This species seems to be always distinguishable from the former by its much 
smaller and less oblique mouth, the upper lip falling far below the level of the lower 
margin of the orbit, and by the coarsely striate lower lips; from the latter by the more 


elongate and less compressed body, and by the broad rounding of the frontal region and 
of the back in front of the dorsal fin. 


In the anatomical characters treated as of generic implication (Hubbs, 
1930: 8), Ictiobus niger agrees with I. bubalus, and both these species there- 
fore contrast sharply with Megastomatobus (the only partial exception to 
this statement involves mouth structures). Krumholz (1943: 37-88, Pl. 1) 
finds not only that J. niger is sharply distinctive in the characters of the 
Weberian ossicles, particularly in the sculpturing of the tripus, but also that 
it is not intermediate in these features. Ictiobus niger, therefore, does not 
conform to the virtually universal rule (Hubbs, 1940: 205-9) that interspe- 
cific hybrids have uniformly intermediate characters. In general, J. niger 
is associated with the 2 other species, but it occurs alone in parts of its range 
(Hubbs, 1930: 11; Hubbs and Lagler, 1941: 41), therefore, in places where 
hybridization would not be expected. 

The theory of hybridization between Megastomatobus cyprinella and 
Ictiobus bubalus, at least as a common phenomenon, seems ruled out by the 
evidence. It would be difficult to prove, however, that hybridization does 
not take place between some of the more closely related species in the 
Ictiobinae. Because of extensive variation in each species of the 3 following 
combinations, it would be hazardous to identify hybrids between: Ictiobus 
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niger and I. bubalus; Carpiodes forbesi and C. cyprinus; Carpiodes carpio 
and C. velifer. 

These pairs are trenchantly distinguished from other pairs, but the 
2 members of each unit have very similar characters (Hubbs, 1930: 8-18). 
The distinctive features—parallel within each of the 3 pairs—mainly involve 
depth and compression of body, the expanse of the fins (particularly the 
dorsal), and the size of the eye. The first-named member of each pair is a 
slenderer, thicker fish than its cognate and has a lower dorsal fin, a larger 
mouth, and a smaller eye. These characters, however, exhibit so much indi- 
vidual and age variation that it is extremely hard at times to separate the 
related forms. It seems probable that the difficulties encountered in sepa- 
rating I. niger from I. bubalus, or C. forbesi from C. cyprinus, or C. carpio 
from C. velifer are due to an inadequate comprehension of these variations, 
to the closeness of the characteristics, or to insufficient analytical study. 
It cannot be regarded as demonstrated, however, that hybridization or inter- 
gradation does not occur between the 2 cognate species in each of the 3 pairs. 

Until the material was re-examined in the preparation of this paper, we 
thought that we had sufficient evidence to indicate the occasional hybridi- 
zation in nature between species of Moxostoma. Mention may be made of 
the 2 specimens formerly treated as hybrids in this genus, because they serve 
as examples of pitfalls into which one may stumble unless the identification 
of natural hybrids be made in a critical spirit and with full knowledge of 
the facts involved. 

One of the 2 specimens, an adult from the Muskegon River, Michi- 
gan, showed, when fresh, colors intermediate between those of Mozxostoma 
rubreques and M. erythrurum (with which it was collected). Some of the 
counts and measurements intervened between those of the supposed parental 
species; other characters were similar to those of each species. A hybrid 
index of 47 indicated only a 3 per cent divergence from exact intermediacy. 
Confirmation of the hybrid interpretation seemed to come from a special 
measure of the degree of faleation or roundness of the dorsal fin, obtained by 
dividing the length of the eighth dorsal ray into that of the first principal 
ray, with results as follows: 


In 9 comparable specimens of M. rubreques .......... 1.27 to 1.37 (average, 1.32) 
In the 1 specimen misidentified as a HyDTIA occu 1.47 
In 8 comparable specimens of M. erythrurwm coo. 1.40 to 1.67 (average, 1.58) 


On final recheck, however, it was thought possible that this specimen might 
be an example of Placopharynz carinatus, from beyond its supposed limits 
of distribution. An examination of the molar pharyngeal teeth verified this’ 
suspicion. It was just a coincidence that in certain respects this specimen of 
Placopharynz proved intermediate between 2 species of Moxostoma. 
Another specimen of Moxostoma, taken with M. aureolum and M. ani- 
surum in the Mississippi River, Wisconsin, was long interpreted as a hybrid 
between those species. The feature that first attracted attention was the 
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intermediate form of the lips (Pl. II, Figs. 3a-c). The fish was deeper and 
heavier-set than the usual (though not the extreme) awreolum, even deeper 
than the average amisurum. In some measurements it proved intermediate, 
in others beyond the range connecting the averages for the 2 species. The 
hybrid index was computed as 46, strongly verifying the assumption of 
hybrid origin. Yet other characters, such as the number of dorsal rays 
. (12), the length of the dorsal base (about two-thirds distance forward to 
occiput), the length of the depressed dorsal (about equal to the dorsal—occi- 
put interspace), the sharp point and moderate falcation of the dorsal fin, 
and the dark bases of the scales, were wholly typical of awreolum, not 
approaching the expression of these characters in anisurwm (Hubbs, 1930: 
16-32). Such is not the genetic behavior of hybrids between systematic 
forms. Judgment was accordingly revised; the specimen was reidentified 
as an aberrant example of M. aureolum in which, for some reason, the juve- 
nile V-shaped form of the lower lip was retained in the half-grown (the size 
at which the lip becomes truncate varies greatly). 

We are therefore able to present evidence for interspecific catostomid 
hybrids only within the genus Catostomus and between that genus and 
Pantosteus. 


IDENTIFICATION OF NATURAL HYBRIDS BETWEEN SPECIES OF 
CATOSTOMIDAE 


A skeptical attitude should obviously be maintained toward the identi- 
fication as interspecific hybrids of any fish specimens collected in nature. 
Since ordinarily the evidence for such an interpretation will remain cireum- 
stantial, every effort should be made to exclude other plausible explanations. 
Needless to say, the trustworthy identification of natural hybrids calls for 
a thorough knowledge of the systematics of the group. 

We have striven to avoid errors of interpretation in the identification 
of the catostomid hybrids. The supposed hybrid specimens have been 
thoroughly examined, and many diagnostic counts and measurements taken 
for detailed comparisons. Their characters have been compared with those 
of all species which were taken at the same place, or which might be expected 
to oceur there. Due consideration has been given the possibility that the 
aberrant features of the presumed hybrids were caused by modification or 
mutation, for it is well known that the characters of one species may be 
altered to approach or even to correspond with those of a related species 
(witness the recent study on Catostomus by Hubbs, 1941a). The heredity 
that would have been involved in the production of the sucker specimens 
interpreted as hybrids has been compared constantly with the known ge- 
netics of experimentally induced hybrids in other families of fishes. 

Circumstantial evidence of a varied nature has led us to diagnose certain 
suckers as hybrids. It was first determined that an apparent hybrid had 
characters that exclude it from the limits of normal variation of any species 
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which does or may occur in the same region, or which might have wandered 
or have been transplanted therein. It was seen not to have the earmarks of 
a mutant sport. It was determined that all the appreciable characters of 
the ‘‘hybrid’’ were plausibly to be interpreted as the genetic result of the 
crossing of 2 species which are known to live in the same water or which can 
reasonably be assumed to occur there. It was thought legitimate to expect 
that hybrid suckers would follow the general rule (Hubbs, 1940: 205-9) 
that interspecific hybrids tend to be intermediate between the parental spe- 
cies in all systematic characters. 

Careful consideration was given to the possibility that the presumed hy- 
brids might represent hitherto undescribed species. The argument against 
such an interpretation usually ran as follows: the aberrant fish are too few 
to represent an established species, in regions as well worked as those from 
which the hybrids came, and they are too uniformly intermediate between 
the presumed parental species, both of which occur in the same area. In 
various features of distribution and ecology as well as in characters, they 
are most plausibly to be interpreted as hybrids and correspond with authenti- 
cated species-crosses in other groups. 

The intermediate characters serve most strikingly as evidence for hy- 
bridity, when the supposed parental species are separated generically. 
Throughout many of the waters of western North America the suckers are 
referable to 2 types, known as Catostomus and Pantosteus. Ordinarily, 
these types remain sharply distinct, particularly in the structure of the 
mouth (Pl. I). Only occasional specimens (those interpreted as hybrids) 
are sufficiently intermediate in mouth characters to break down the dis- 
tinction. 

The same specimens that show intervening features in one set of charac- 
ters, such as mouth structure, are also intermediate in various other features 
of form, counts, and measurements. Nowhere have breeding populations of 
the intermediate types been collected. They do not have the attributes of 
species. The only interpretation that fits the facts is that these aberrant 
specimens are the product of the natural crossing of distinct species. 

Most of the hybrids were accorded the final identification on first exami- 
nation, so striking was the intermediacy in appearance. A shift in opinion 
on further analytical study was made only for 2 specimens of the Moxostoma 
group (described above) and for a few young of the Catostomus macrocheilus 
x Catostomus syncheilus series. 

Perhaps the most serious initial doubt was involved in the identification 
of certain suckers from the Colorado River system of Colorado as hybrids 
between Catostomus commersonnii sucklii and Pantosteus d. delphinus. In 
the first set obtained, the hybrids were small ; and no coarse-scaled Catostomus 
of any kind was known from the upper waters of the Colorado system. The 
occurrence there of such a species was called for, however, to explain the 
source of the characters of the hybrids, of which Pantosteus delphinus (taken 
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there) was obviously one parental species. The second parent was identified 
as Catostomus commersonnii sucklit on the seemingly hazardous assumption 
that this species of the Mississippi Valley had been transplanted (as bait?) 
across the Continental Divide. A suggestion that this might have happened 
came from the inclusion of 2 Mississippian minnow species (Semotilus a. 
atromaculatus and Pimephales p. promelas) in the small series containing 
the unexpected hybrid. This collection was seined in the headwaters of the 
Colorado River at Hot Sulphur Springs, Colorado. We have been informed 
that this is a favorite fishing spot for residents of Denver, who may very well 
have carried live bait minnows across the divide; and in 1942 we noticed 
that this stretch of water was being heavily fished by Colorado residents 
(mostly fly-fishermen, however). After the Hot Sulphur Springs collection 
was studied, material of Catostomus commersonnii sucklii, as well as of Pan- 
tosteus d. delphinus and of 2 additional hybrids between these species, was 
taken in the Colorado River system of southwestern Colorado. The original 
diagnosis was thus upheld. Furthermore, the first Catostomus catostomus 
griseus to be recorded from the Colorado River drainage was included, to 
confirm the view that fishes native to the eastern drainage have somehow 
gotten over the Continental Divide. The accidental transfer of another bait 
fish across the Continental Divide has recently been reported by Simon 
(1942: 7, 17), who wrote that Platygobio gracilis has thus become estab- 
lished in the Snake River system. That Catostomus commersonnw sucklu 
and Catostomus catostomus griseus (and Semotilus and Pimephales) are not 
native in the Colorado River system is indicated by the reports of Jordan 
(1891), Ellis (1914), and all other ichthyologists who have worked in the 
Rocky Mountain region. 

Mr. C. N. Feast and John D. Hart of the Colorado Fish and Game Com- 
mission have just told us that they too think that Platte River suckers have 
been introduced into the Colorado River system. Suckers first appeared in 
the South Mesa Lake country in the Colorado headwaters about 1926, and it 
is thought that they were carried over by bait fishermen, perhaps by Japa- 
nese farm laborers, who were brought in about that time. Since then, 
suckers, thought not to be of the native species, have multiplied so fast in the 
Colorado River waters as to become a problem. 

With the exception of the above-mentioned collection from Hot Sulphur 
Springs, both presumed parental species were taken with the hybrids, or, 
in the case of small collections, at a locality near by. When all the available 
evidence is considered, it seems obvious that both parental kinds live wher- 
ever hybrid suckers occur. 

One of the strongest lines of evidence in favor of our interpretation of 
certain suckers as hybrids is the circumstance that these specimens are inter- 
mediate between the specific parental types occurring in the same region. 
Thus, the specimens regarded as hybrids between Catostomus and Pantosteus 
are not only intermediate between the 2 genera but also show their affinity 
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to the particular species of these genera with which they were taken. The 
evidence for this statement can be adduced from the.detailed accounts for 
each combination and is well shown in the comparative drawings of lip struc- 
Turen(EleL ys 

Unfortunately, no opportunity has arisen in the present study to confirm 
by breeding experiments or by cytological observations the strong circum- 
stantial evidence that the supposed hybrid suckers are really the result of 
interspecific crossing. However, all the available systematic and natural 
history information checks with the data on hybrid combinations which have 
been verified by controlled matings; by observations of the 2 supposed 
parental species spawning together in nature; by evidence of hybrid vigor 
in growth, pigmentation, etc.; and by peculiarities in the cytological struc- 
ture and in the behavior of the gametes. Such confirmation has been pro- 
vided in some of our other studies (as those of Hubbs and Hubbs, 1932-33). 


HYBRIDS BETWEEN SPECIES OF CATOSTOMUS 


Except for the combination of Catostomus macrocheilus with 2 sub- 
species of Catostomus syncheilus, hybrids within the genus Catostomus 
prove to be extremely rare. This rarity of hybrids is due in part only to 
the circumstance that a single species of Catostomus occurs over much of the 
range of the genus; there are large areas in which 2 species live together. 
The 5 known Catostomus x Catostomus specimens, other than those between 
the 2 Columbia River basin species named above, are referable to the cross: 


1. Catostomus commersonnii sucklii x Catostomus catostomus griseus 
(PISTT ies 20s Plo LE hae) 

U.M.M.Z.1 No. 105634: 1 yearling 68 mm. in standard length, collected by W. Petra- 
vicz and Middendorf in the North Fork of South Platte River near Pine, Jefferson County, 
Colorado, at an altitude of 6900 feet; July 20, 1938. 

U.M.M.Z, No. 132230: 1 half-grown 151 mm. long, seined by Carl L. Hubbs and 
family in Laramie River (tributary of North Platte River), east of Bosler, Albany County, 
Wyoming, at an altitude of about 7000 feet; September 17, 1934, 

U.M.M.Z. No, 135190: 2 young and 1 yearling, 33, 44, and 101 mm. long, taken by 
Raymond E. Johnson and Paul Romberg in North Platte River near Henry, Scotts Bluff 
County, Nebraska; July 23, 1940. 


No specimens of Catostomus commersonnii sucklii were included in the 
small collection containing hybrid specimen, U.M.M.Z. No. 105634, but ex- 
amples of this parental species were secured by the same collectors near by. 
No other species of Catostomus occur in the region. After re-examining 
their material we can affirm that Evermann and Cox (1896: 391) erred in 
referring the fine-scaled suckers of the Platte River system to 2 full species, 
C. griseus and C. catostomus. Our studies have led to the conclusion that 
griseus is the southern, montane representative of C. catostomus and that it 


1U.M.M.Z. refers to the catalogue of fishes in the University of Michigan Museum of 
Zoology. 
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differs from the typical subspecies most noticeably in the greater height and 
width of the snout, which is less pointed in either dorsal or lateral aspect: 
except in fish less than 100 mm. long the least distance between the nostrils 
is more instead of less than two-thirds the postorbital length of the head 
(Table IIT). 

There are some indications that C. c. griseus may include 2 recognizable 
races, a fine-scaled mountain form and a relatively coarse-scaled one on the 
Plains. Unless this be true one might conclude that there is, or has been, 
considerable hybridization on the Plains between griseus and the very coarse- 
scaled Plains white sucker, C. commersonnii sucklii (see Evermann and Cox, 
1896: 392-94). In other characters, however, the Plains specimens of 
griseus with as few as 83 to 90 scales in the lateral line (including those so 


UAB el: 


RELATIVE NUMBER OF HyBRIDS, Catostomus commersonnti sucklii x Catostomus 
catostomus griseus, AND OF THE PARENTAL KINDS 


: . . . eas Catostomus Catostomus 
gore tn ae ea commersonnit Hybrids catostomus 
eee a, sucklit L griseus 
In collection containing hybrid 
WME ZEN Oe LO DOSA care acceennercinree2 0 a 23 
U.M.M.Z. No. 132230 ....... 12 1 12 
U.M.M.Z. No. 135190 ... 157 3 6 
MLE seers ve cen tet ie ee eee 169 5 41 
From the Platte River system 0... 1250* 5 692 


* Some of these specimens came from localities east of the known range of C. c. 
griseus. 


identified by Evermann and Cox) show no distinctive approach toward 
sucklii; we regard them as direct variants of griseus, rather than as products 
of recent or past hybridization. Southern, lowland, and other warm-water 
races in fishes commonly tend to show a reduced number of scales and other 
segmental structures (Hubbs, 1918, 1921, 1925, 1926, 1927, 1934, 1940, 1941a 
and b; Hubbs and Kuhne, 1937). 

The 5 hybrids between Catostomus commersonni sucklui and Catostomus 
catostomus griseus are essentially intermediate in their ensemble of charac- 
ters, though in the combined hybrid index (Table XX XIX) one of the speci- 
mens closely approaches sucklit and one is somewhat more like griseus than 
an exact intermediate. Taking all characters into account, however, it is 
believed that all 5 specimens are correctly diagnosed as hybrids. 

In number of dorsal rays (Table XXXII) the specimens average inter- 
mediate, but on this basis alone could not be checked as hybrids since the 
modal number of rays is only 1 different in the 2 kinds (11 in suckli and 
10 in griseus). The scale counts (Tables XX XIII to XXXVI) are more 
diagnostic. The number of transverse rows along the position of the lateral 
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TABLE II 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus commersonnii sucklit 
AND Catostomus catostomus griseus, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as a 
subscript, the number of specimens. 


North Platte River, South Platte 
Wyoming and Nebraska River, Colorado 
Size group, mm. 
C. commersonnii sucklii ........ 32-57 66-125 126-182 77-131 
(44)10 (98), (148). (103), 
Ely Drids camcunucmeirese tena SIA» | ecthancaas ||| Gaaunnee nel | ee 
(39)2 (101), (151), (68), 
C. CAtOSTOMUS YTISEUS oocceseoen 32-57 64-113 127-173 68-156 
(43)» (93)» (144), (90). 
Body depth 
C. commersonnii sucklii ......... 197-215 193-215 187-211 208-225 
(204) (205) (196) (216) 
EV y DIAS eeerevcecreeten teen cere 2OD=204 | eee sacneteee oh | eee eet a ne 
(209) (193) (179) (208) 
C. CAFOSTOMUS YJTISEUS coocccccseccce 167-219 174-207 176-200 172-191 
(193) (192) (190) (179) 
Caudal peduncle, depth 
C. commersonnii sucklii ........ 82-97 95-108 83-96 92-101 
(93) (98) (89) (97) 
PLY brid senescent ee 92-98") |W eececcrae || Sacer een ae 
(95) (98) (86) (105) 
C. CAFOSTOMUS GFISEUS eocecccoee oe 84-102 87-107 75-90 88-101 
(91) (96) (86) (95) 
Head length 
C. commersonnii suckliz ......... 279-305 264-293 274-297 254-274 
(293) (283) (283) (265) 
AE By 90) Ke ecrrantets cnn eee eed PATER PCM Lee ore Ener Ste hectic 
(284) (254) (272) (292) 
C. CAFOSEOMUS GTISEUS cocvcccceoo 267-296 235-272 227-256 230-270 
(286) (258) (242) (257) 
Head depth 
C. commersonnii sucklit .......... | 171-182 155-181 166-181 165-174 
(178) (173) (174) (171) 
FLY DEid atin ane eee 157-170 cecatinnads - || aesteta tata) he eal eee 
(163) (145) (162) (168) 
C. CAtOStOMUS GISCUS vooceoccmoe 153-164 137-160 129-148 129-160 
(159) (147) (135) (146) 
Head width 
C. commersonnti sucklit occ. 163-175 155-176 163-176 160-177 
(168) | (166) | (168) (167) 
Hybridsinnananene eee A521 52) G2. anne” | Cogeco ede i 
(152) (157) (156) (163) 
Cy CAtOStOMUS GISCUS cooooooo. 142-168 150-170 147-162 146-161 
(160) (159) (153) (153) 
Snout length 
C. commersonnii sucklit .......... 103-125 116-136 121-143 113-128 
(114) (126) (131) (124) 
Hy DTU. GS: eat eae ee LOB-108 © | artes iy ae eee 
ae (109) (123) (126) (131) 
C. catostomus griseus coco... 108-122 108-130 108-120 104-124 


(116) (118) (115) (112) 
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TABLE II—(Cont.) 
North Platte River, South Platte 
Wyoming and Nebraska River, Colorado 
Mouth width 
C. commersonnii sucklit ............ 72-85 67-90 73-82 74-90 
(77) (77) (76) (83) 
Ryd CLS geet tae See i vas (SEE SIIET. < oul" Senecteet see Ol Wingate eeeen el iene teeter es 
(83) (95) (74) (79) 
C. catostOMUs GTiS@US cece 82-95 80-101 83-98 78-102 
(87) (89) (92) (86) 
Cartilaginous ridge, width 
C. commersonnii sucklis ............ 40-48 39-53 40-47 39-44 
(42) (45) (44) (41) 
FELyDr1ds wee een aes deer f= AO Mae Ween cee ta) eterno |i 9) Ucneteaeinnts 
(47) (56) (43) (48) 
C. CatostOMUS GTISEUS ec 49-61 41-62 41-53 49-61 
(53) (52) (47) (54) 
Mouth length 
C. commersonnit sucklit ............ 51-63 52-63 55-63 53-66 
(56) (56) (58) (58) 
IG ORRKOLS) cose nmeoeeraemeroer ae GOSH |) sud Setie Ml oromemeess ff  ttertnecorme 
(63) (64) (58) (63) 
C. CAFOSTOMUS GTISEUS esccccree 55-69 57-71 60-70 56-68 
(62) (63) (65) (63) 
Lower lip, union 
C. commersonnii sucklit ............ 7-18 13-18 12-14 12-13 
(11) (15) (18) (13) 
1 Ud ov eaK6 (SS raeeeeetee ee eee O20) |] commons (Natianeere I) ose 
(9) (16) (13) (16) 
C. CAatOstOMUS GLISEUS cesses 11-13 12-18 9-17 13-19 
(12) (14) (14) (15) 
Dorsal fin to occiput, distance 
C. commersonnii sucklit ........... 240-262 254-278 254-284 262-289 
(253) (265) (273) (277) 
Jeb AOIGIS) capeenvo teense oa Soll GEXOE OYE ee careers |) omegarerars 
(243) (270) (274) (253) 
C. CAatOstOMUS GIISEUS eres 220-261 250-299 284-296 255-305 
(240) (270) (291) (279) 
Dorsal fin base 
C. commersonnit sucklit ........ 153-179 156-178 153-173 143-170 
(170) (166) (164) (157) 
TELA OVGIS) creuaeieaereteemne ames Mate Soy |) avrerenperencs eee a) rxeeonmmancrs 
(159) (153) (148) (184) 
C. CAFOSTOMUS YTISEUS overseer 146-172 133-152 125-154 129-155 
(159) (144) (140) (141) 
Depressed dorsal fin, length 
2 C. commersonnm sucklii ee 241-271 252-267 241-264 224-269 
(255) (257) (253) (246) 
TSI ACR eKOR) Jatereutnrncoscomne epoomnete Dereepy Ge | eee || Geer: |) | ebmpesee, 
- (241) (238) (231) (269) 
C. CAFOSEOMUS GTISEUS veces 234-253 210-239 190-222 199-237 
¥ (241) (224) (211) (220) 
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line is the most critical count, for in this character the 2 parental species are 
separated by a wide gap, and 4 of the 5 hybrids show no overlap on the range 
of variation of either. 

In the proportionate measurements (Table II) the difference between the 
parental species is generally slight, and many of the variations overlap 
widely. It is not surprising, therefore, that in these respects the hybrids 
show little clear-cut evidence of their mixed parentage. Asa whole there is 
an average tendency toward intermediate proportions. The intermediacy 
is perhaps best shown, by 4 of the 5 hybrids, in the proportionate length of 
the depressed dorsal fin. 

Better evidence for the hybridity of the 5 specimens comes from other 
characters (Pl. III, Figs. 1-3). Compared with C. commersonnii sucklu, 


TABLE III 


PROPORTIONATE WIDTH OF SNOUT ON HYBRIDS BETWEEN Catostomus commersonnit sucklit 
AND Catostomus catostomus griseus, AND OF THE PARENTAL SPECIES* 

Expressed in terms of the internarial distance (between median rims of anterior 
nostrils) stepped into postorbital length of head (distance from posteroventral rim of eye 
to free edge of subopercular membrane). Average values, with number of specimens in 
parentheses. 


Internarial Space in Postorbital Length 


Length groups of speci- 
IM ONS wee Sema eee To 50 mm. 50-100 mm. 100-150 mm. | Over 150 mm. 


Catostomus commersonnii 


sucklit ... 2.0 (12) 1.9 (17) 1.9 (21) 
ELS DULGS te tet tec nekoe ahr 1.9 (2) Cl) 1.6 (1) 
Catostomus catostomus 

QUUSCUS taser one Se CL) 1.6 (18) 1.4 (19) 


* These data were obtained too late to be used in the subsequent computations of 
hybrid intermediacy. 
C. catostomus griseus has more even contours, less gibbous in the anterior 
trunk region, less constricted toward the caudal peduncles; the hybrids are 
in between. The snout of griseus is flatter on top than that of sucklii and 
is less decurved in dorsal outline, and it has a much more swollen tip which 
projects much farther beyond the strictly inferior, rather than somewhat 
oblique, mouth; in these respects, too, the hybrids are visibly intermediate. 
In specimens about 100 mm. in standard length the snout of griseus is dis- 
tinctly longer than the postorbital, that of the hybrid is about as long, and 
that of swcklii is definitely shorter than the postorbital. In smaller speci- 
mens the snout is relatively shorter in both species and in the hybrids, but 
the relative distinction holds. Similar intermediate hybrid relations hold 
for the width of the snout, as measured by the internarial space (Table III). 

The hybrids are transitional again in the markedly different mouth 
structures (Pl. II, Figs 2a—-c). Compared with sucklu, griseus has the whole 
mouth more horizontal, flatter, and more expansive. Both lobes of the lower 
lip are fuller, therefore with a longer separating incision. The papillae of 
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the lower lip are coarser. The upper lip of griseus (approaching that of 
Pantosteus) is somewhat pendant and tends to have an edge separating a 
relatively smooth outer face from a very coarsely and boldly papillate inner 
surface ; in swcklu the upper lip is more strongly and more uniformly swollen 
and rounded, shows almost no differentiation of an outer and an inner face, 
and is remarkably uniform in papillation. The cartilaginous ridges or biting 
edges of the jaws in griseus (again approaching Pantosteus) are much 
stronger, and are more transverse and wider than in sucklii—in which these 
ridges are rudimentary. The tangible differences in mouth structure sepa- 
rate griseus widely from sucklii, leaving a gap into which the hybrids fit. 

The 5 specimens also give evidence of hybridity in coloration. The young 
of sucklii have 3 large and rather intense dark blotches along the side of the 
body, one close to the head, another below the dorsal fin, and the third near 
the base of the caudal fin (Pl. IV, Fig. 1). These same marks are evident 
in griseus (as in many other suckers), but in that species are smaller and less 
conspicuous and show a greater tendency to grade into the general dark 
marbling on the upper sides (which is more prominent than in suckliz). In 
sucklw the pattern is less sharply bicolored, for the dark upper parts tend 
to contrast less markedly and less abruptly with the white lower sides. The 
individual scale pockets of sucklii are usually the more sharply set off, by 
light centers and by dark-lined borders (Pl. III). All these characters vary 
with size, but the relative differences persist through most of the life cycle. 
When the hybrids are compared with specimens of the parent species of like 
size, the intermediate pigmentation is apparent. 

The life colors were also found to be transitional. According to our field 
notes the half-grown specimen from Laramie River had the dorsal shade of 
intervening darkness. Intermediacy was also seen in the slight golden tinge 
of the lower surfaces, and in the slightly yellowish lips. The lower fins had 
an intermediate amount of red: they were brighter than the pale dirty amber 
of sucklii, duller than the bright orange amber of griseus. 

Considering all characters, we are convinced by the evidence that Catos- 
tomus commersonnit sucklii and Catostomus catostomus griseus occasionally 
mate in nature to produce hybrids. 


2. Catostomus macrocheilus x Catostomus syncheilus syncheilus 
(Pl. II, Fig. 1b; Pl. VI, Fig. 1) 


U.M.M.Z. No. 98651: 3 large young 36.5 to 46.5 mm. in standard length, collected by 
Leonard P. Schultz and Marvin Bowers in sloughs of Wenatchee River at its confluence 
with Columbia River, near Wenatchee, Chelan County, Washington; August 23, 1932. 

U.M.M.Z. No. 98736: 1 young 29 mm. long, seined by Schultz and Bowers in Grande 
Ronde River in Asotin County, Washington, between Antone, Washington, and Paradise, 
Oregon; August 29, 1932. 

U.M.M.Z. No. 98757: 3 young to half-grown specimens, 35.5, 95, and 113 mm, hong, 
taken by the same collectors in Grande Ronde River 1 mile above Elgin, Union County, 


Oregon; August 30, 1932. 
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U.M.M.Z. No. 98761: 3 young 33 to 41 mm. long, obtained on the same expedition in 
Grande Ronde River at Perry, Union County, Oregon; August 30, 1932. 

U.M.M.Z. No. 98776: 37 young 28.5 to 44 mm. in length, seined by Schultz and Bowers 
in a slough and on the riffles of Umatilla River at Rieth, below Pendleton, Oregon; August 
30-31, 1932. 

U.M.M.Z. No. 98777: An adult 190 mm, long, taken by the same party in Umatilla 
River at Echo, Oregon; August 31, 1932. 

U.M.M.Z. No. 98793: 7 large young to half-grown, 47.5 to 108 mm. long, secured by 
Schultz and Bowers in Umatilla River at its confluence with the Columbia; August 31 and 
September 1, 1932. 

U.M.M.Z. No. 130471: 9 yearling and half-grown fish, 60 to 150 mm. in standard 
length, obtained by Carl L, Hubbs and family in Sucker (= Suecor) Creek, a tributary of 
Snake River, above Rockville, Malheur County, Oregon, about 4 miles from the Idaho line 
(Town 24 S., Range 46 EH.) ; July 24, 1934. 

U.M.M.Z. No. 130482: 1 half-grown of 142 mm., seined on the same trip in Jordan 
Creek, a tributary of Owyhee River, at Ruby Ranch about midway between Jordan Valley 
and Rome, Malheur County, Oregon (T. 30 S., R. 44 E.) ; July 24, 1934. 

U.M.M.Z. No. 131787: 1 yearling 35 mm. long, seined by Leonard P. Schultz and Leo 
Erkkila in Crab Creek 1 mile above Beverly Slough (formed by flood water from the 
Columbia River); June 19, 1932. 

U.M.M.Z. No. 131788: 2 yearlings, 34 and 36 mm. in length, taken by the same col- 
lectors in Crab Creek at Smyrna; June 19, 1932. 

U.M.M.Z. No. 138616: 1 young 36 mm. long, collected by Stanley G. Jewett, Jr., and 
Edwin Niska about 1 mile above Umatilla River dam; September 17, 1940. The counts 
and measurements of this specimen are intermediate, but it was discovered too late for 
inclusion in the tabulations. 

TABLE IV 


RELATIVE NUMBERS OF Hysrips, Catostomus macrocheilus x Catostomus syncheilus syn- 
cheilus, AND OF THE PARENTAL KINDS 


Specimens in University of Michigan Museum | Catostomus Hebe Catostomus 
of Zoology macrocheilus ybrids “synohenes 
syncheilus 
In collections containing hybrid 
U.M.M.Z. No. 98651 73 3 0 
U.M.M.Z. No. 98736 ... 20 1 0 
U.M.M.Z. No. 98757 ... 8 3 39 
U.M.M.Z. No. 98761 ... 0 3 3 
U.M.M.Z. No. 98776 ... 120 37 88 
U.M.M.Z. No. 98777 ... 16 Hl 3 
U.M.M.Z. No. 98793 ... 116 7 3 
U.M.M.Z. No. 130471 6 9 125 
U.M.M.Z. No. 13048 3 uf 3 
U.M.M.Z. No. 131787 13 uh 0 
U.M.M.Z. No. 131788 0 2 6 
U.M.M.Z. No. 138616 9 al 3 
DOtaL. sectacunaetanumcncenatorsten cn arte 384 69 | 273 
From the Columbia River system 0.0.00. 969 69 1341* 


* Tn this total we include all available material of syncheilus other than the Palouse 


pur, pokes of C. syncheilus palouseanus, though other subspecies are seemingly 


The failure to get both parental species at 5 of the 12 localities where 
hybrids were secured is not very surprising. Hybrids Nos. 98651 and 131787 
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were collected in sloughs where macrocheilus but not syncheilus would be 
at home. Catostomus syncheilus shows a greater preference for smaller 
and more rapid waters. C. macrocheilus is widespread ecologically, though 
the adults and many young tend to drop back into quiet pools and bayous. 
In the spring spawning season both species no doubt seek out gravelly 
stretches in creeks, as this is the usual spawning locale for suckers in general 
(Reighard, 1920). Schultz (1941: 28) definitely stated that C. macrocheilus 
““spawns in the spring, usually in April and May, when large numbers 
migrate up the stream and deposit their eggs on the gravel riffles in swiftly 
flowing water.’’ The fact that either the one or the other parent species 
only was taken with hybrids Nos. 98736, 98761, and 131788 may be attributed 
to chance and to the small size of the collections, for both parental forms 
occur in similar habitats in the immediate vicinity. 
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Fie. 1. Comparison of hybrids, Catostomus macrocheilus x Catostomus s. syncheilus, 
with the parental species in a character index involving scale and ray counts (Table V). 


Until recently the status of the forms of Catostomus in the Columbia 
River system was very much confused, but it now appears clear that 3 spe- 
cies are represented there (Schultz, 1941: 27-80). Of these, Catostomus 
catostomus (as subspecies pocatello and either catostomus or griseus) 1s 
largely confined in this drainage basin to the Rocky Mountain region. More 
widespread are (1) the well-known, coarse-secaled C. macrocheilus, and (2) 
a form long confused with C. catostomus, though now known to be quite 
distinct. This second species is Catostomus syncheilus Hubbs and Schultz 
(1932). The differential features of C. macrocheilus and C. syncheilus 
should be kept clearly in mind, for these are obviously the species which 
hybridize with considerable frequency. 

On the average, the hybrid indices for each individual of the C. macro- 
cheilus x C. syncheilus syncheilus combination show the expected interspe- 
cific intermediacy: the average value for the 68 hybrid specimens is 53 
(Table XXXIX). Approximately half (33) of the specimens have the 
index between 45 and 75. The considerable spread is probably to be at- 
tributed less to the true variability of the hybrids than to the small size of 
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most of the examples at hand. Probably few if any of the specimens are 
misjudged to be hybrids, but on account of the small size the differences in 
proportions are minimized and the counts and measurements are subject to 
considerable error. 

The interposition of the hybrids is again illustrated by the counts. In 
the number of dorsal rays and in the counts of scales in the several series, 
the hybrids bridge over the gap between the parental species (Tables XXXII 


TABLE V 


CHARACTER INDICES (SuM oF ALL ScALE Counts Minus NUMBER oF DoRSAL RAys) IN 
HYBRIDS BETWEEN Catostomus macrocheilus AND Catostomus syncheilus, 
AND IN THE PARENTAL SPECIES 


Columbia River System : 
(Excluding Palouse Division) . Mamet head 2 22 
2 2 a 
Character 38 Sear es 28 So 3 
Index eS a SSIES = 8 n ESS 
S 'S ro Secs S'S =| o's f 
mis 4 are s = 5S “4 a a) 
SS 5 3'S'S os 5 oss 
ss P sss Bs > sss 
o€ ae OSS oS es ofa 
121-130 ........... TAR Pearce aerate LN Vaan 
131-140 LOVE ||. Wee Beicee pe ea re 
141-150 pRtee nee tee NP te 15") | ese ole eae 
151-160 mate chee gh eter ee! balhae® cee Tp! ge shea || a 
T6170) arc 1 ED elem 8 Sats cy ee ee 
171-180) eee | GRer re ace 1 
181-190 Pesce een 10 Le pee te 
TOT=200 Sas are eee 4 bs aes eee L 
2.0 12:1 Oe ecrl| an menue 2 a hee eee 6 aie nt 
PL 22 Oi Se seca) iemmescal aa og mace Sea eee eee 7 
PPA ESPs one el ee es ey PG ee Se ee 6 
28 V—24 Re cue || Mantes Cnn names ae ae 12 
DAT ODOUR nck tae eee | reece La eee 2 
PATS AGL OMe el wenn eT ves Pte ee a) we 1 
Specimens* 35 23 43 29 30 
PACVOTAG O taeer tian 145 186 218 150 229 
Standard errort 1.4 1.8 1.6 1.8 2.0 
aye 4.6 4.8 6.5 4.8 


* The number of specimens is lower than in other tables because all of the scale counts 
could not be taken accurately in some of the smallest fish. 


t Computed from the original, unclassed data. 
to XXXVIT; Fig. 7). There is considerable overlap in each of the compari- 
sons (without, however, a marked increase in variability). The transgres- 
sion of the hybrid characters on those of the 2 species is almost wholly 
eliminated when the counts are combined into a character index, similar 
(but not quite identical) to that used by Schultz and Thompson (1936: 74— 
75), in the distinction of Catostomus syncheilus palouseanus. The index as 
here used is obtained by adding all the scale counts (which tend to be higher 
in syncheilus) and then subtracting from this sum the dorsal ray count 
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(which tends to be higher in macrocheilus). The results, for the 2 macro- 
cheilus x syncheilus comparisons, are given in Table V and Figure 1. The 
frequency distribution for the hybrids is unimodal and essentially normal, 
and again there is no increase in variability. 

Similar intermediacy is exhibited by the proportionate measurements 
(Table VI), though less strikingly than for the counts because of the greater 
variation and greater overlap in the dimensions. Definite intermediacy for 
all or nearly all of the comparisons (broken down by locality and by size 
group) is indicated for the length and depth of the head, the width of the 
mouth and of the cartilaginous ridge, the length of the union of the lower lip 
(except in young fish), the distance from the dorsal fin to the occiput, and, 
particularly well, for the basal length and the depressed length of the dorsal 
fin. A slight tendency toward intermediacy is shown for the depth of the 
caudal pedunele. The 4 other measurements (body depth, head width, snout 
length, and mouth length) are not critical. 

As pointed out earlier, hybridity is not demonstrated for a group of 
specimens by an intermediate average measurement for any part of the body, 
since a mixture of specimens of the 2 supposed parental species would also 
yield an intervening average. Hybridization without any clear-cut Men- 
delian segregation will be indicated when the specimens in question have a 
unimodal frequency distribution about an intermediate mean. Unequivocal 
testimony of this sort is difficult to obtain for measured characters, because 
almost all the proportions vary so much with age and locality that any 
reasonable units of comparison ordinarily contain too few specimens to show 
the true nature of the frequency distributions. Inspection of the relatively 
abundant data for the C. macrocheilus x C. s. syncheilus cross, however, indi- 
eates that the hybrids tend to be intermediate in the proportionate measure- 
ments, with a clustering of the values about the intermediate means. 

Two of the more significant measurements have been combined into a 
simple character index to test the frequency distribution of the resulting 
proportion about the intermediate mean. This index is: 

Distance from origin of dorsal fin to occiput 
Length of depressed dorsal fin 
It is applied to young specimens 25 to 63 mm. in standard length for 2 
reasons: 

(1) The hybrid nature of small specimens is in special need of confirma- 
tion—the hybridity of the larger individuals is more palpably evident. 

(2) The index is consistent only in the young. Some of the larger speci- 
mens of each group (macrocheilus, hybrids, syncheilus) have the index about 
as in the young; others have a smaller fin, giving a higher index. Hither 
sexual dimorphism or a differential attainment of maturity at comparable 
sizes introduces a complexity. Between the lengths of 25 and 63 mm. analy- 
sis shows no significant progressive change in the index. Therefore, the data 
for this size range only are considered. It is clear from the data (Table VIT 
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and Fig. 2) that the indices for hybrids have an intervening mean, have the 
same order of variability, and form an approximately normal unimodal fre- 
quency distribution. Their identification as hybrids is confirmed and no 
simple Mendelian segregation is suggested. The data for other measure- 
ments, though analyzed in less detail, seem to show the same sort of statis- 
tics; as do the dorsal-ray and scale counts (compare Table VII with Tables 
XXXII to XXXVII). 

A further confirmation of the hybrid interpretation is provided by the 
pelvic-ray count—a character discovered after the paper was written. Again 
we note intermediacy with no increase in variability (Table VIII). 

The intermediacy of the hybrids is well shown also in characters that are 
not so readily analyzed as are the counts and the ordinary proportions. 


HYBRIDS 


ae 


CAT OSTOMUS CATOSTOMUS 
MACPROCHEILUS 5. SYNCHEILUS 


SPECIMENS 


65 10 71S 80 85 90 ky tote” [ayer (fo) 
7.09 -74 -19 -64 -69 -94 -.99 -104 -109 -1.14 


DORSAL—OCCIPUT DISTANCE=+DEPRESSED DORSAL LENGTH 
Fig. 2. Comparison of hybrids, Catostomus macrocheilus x Catostomus s. synchetlus, 


with the parental species in the ratio of the dorsal—occiput distance to the depressed dorsal 
length (Table VII). 


Thus the snout tends to be less depressed and less prominently projecting 
beyond the mouth than in synchetlus, but more so than in macrocheilus; the 
hybrids tend to be intermediate (Pl. VI, Figs. la—c). 

As in most sucker hybrids, the mouth structures also exhibit intermediate 
characters (as shown in PI. II, Figs. la-c; compare also Figs. 2a—c on PI. 
VI). The intermediacy is shown in every one of the following features, by 
which the lips of syncheilus differ from those of macrocheilus: 

1. The lips are broader and flatter. 

2. The upper lip is less gibbous and more pendant, especially around the 
front of the mouth. It has a definite edge (scarcely represented in macro- 
cheilus), which separates an outer nearly smooth face from an inner strongly 
papillate one. In macrocheilus there is only an incipient differentiation of 


this sort. 
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TABLE VII 


FREQUENCY DISTRIBUTION OF THE RATIO OF THE DISTANCE FROM THE ORIGIN OF THE 
DORSAL TO THE OCCIPUT, TO THE LENGTH OF THE DEPRESSED DORSAL FIN, IN 
HYBRIDS BETWEEN Catostomus macrocheilus AND Catostomus synchetlus 
syncheilus, AND IN THE PARENTAL KINDS 


Measured in young specimens, 25 to 63 mm. in standard length. 


Dorsal to Occiput + Depressed Dorsal Length 


ve lex |¥e lex /4e/szx] el ex 

Sie [ker foe jes | oS — da | 
C. macrocheilus ...... 14 14 at 4 DS te See |) See ne 
ELV DiS eee 2 5 12 21 if 2 1 ae 
CES SUTMON CLUS 3. | Maren || ran | ean 1 8 19 8 3 2 

Statistical Computations 
Hybrid Index 
Range Ave.*| 8.E.* v with Standard Error 

C. macrocheilus ...... ; .66-0.97 O82 W009 a7 ira | erro 
Eivibrid sesame ees .79-1.02 0.91 | .008 | 6.4 56+6 
C. s. syncheilus...... 8-1.12 0.985.008) {i554 || nn en eeeeees 


* The averages and standard errors were computed from the original unclassed data. 


TABLE VIII 


NUMBER OF PELVIC RAYS IN HYBRIDS BETWEEN Catostomus macrocheilus AND 
Catostomus synchetilus, AND IN THE PARENTAL SPECIES* 


Number of Rays in Both Pelvie Fins 


Region and Kind 


18 19 20 21 22 23 24 
Exclusive of Palouse River system 
CSN ACTOCIEULUS cue ree oer | eee | if 12 64 6 4 
VV DTI oe cecccerscc : a a 21 12 28 2 ee 
C. s. synchetlus 2 i 42 26 Ba) oe. 1 
Palouse River system 
GC. MaCrOCN CUS sianicirurnsoctsonrnme | ane 1 1 4 | 31 4 7 ; 
Ey DY 1s eer psiloc ee ee ee | | it By | a || eee oe 
C. s. palouseanus 1 2 27 11 14)? Sc | eee 
Statistical Computations 
Hybrid 
No. Ave. | S.E. NV Index + 8.E., . 
Exclusive of Palouse River system 
C. MACTOCREUMUS  srsssissicrisinisnsinsnnmeneee 93 | 21.87 <lal ae oe 
Hybrids 0... . » | bho ere a peas 65+14 
C. s. syncheilus 109 | 20.74 | 10 | 5.1 = 
Palouse River system > fe ei ee 
C. MACTOCHEMUS wcsessnetnninneenses 48 | 22.19 14 4.5 
Hybrids 3 | 20.67] 339] 23¢|] = “. 98? 
C. s. palouseanus 55 | 20.64 13 4.65 


* These data were obtained too late t i i 
tril tierce 00 late to be used in the subsequent computations of 
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3. At the outer angle of the mouth where the 2 lips are joined, a slight to 
moderately deep indentation is often developed, at the end of a crease be- 
tween the upper and lower lips (this feature is hardly shown by the speci- 
men drawn for Fig. 1c, Pl. II). In macrocheilus this groove is less well 
developed and does not reach the edge of the mouth, and there is no emargi- 
nation at the angle. 

4. The median incision between the lobes of the lower lips is less devel- 
oped. The 2 halves of the lip are connected by a flatter and broader isthmus, 
across which there pass 2 to 5 instead of 1 to 2 rows of papillae. 

5. The cartilaginous ridges of the mouth are much more strongly devel- 
oped, wider, and less curved (more nearly transverse). This development 
approaches that of Pantosteus, but is much less extreme. 

Similar intermediacy is exhibited in the coloration. Catostomus syn- 
cheilus is darker than macrocheilus. The fine dark mottlings of the upper 
parts tend to be more prominent. The dark color usually extends farther 
down across the lower sides and tends to grade into the light lower surface, 
rather than to give way somewhat abruptly to a light ventrolateral area on 
the head and body. In all these respects the hybrids tend to be transitional 
between the parental species. 

A. few specimens which we have interpreted as hybrids, particularly in 
the collections of young, may well belong to either the one or the other of 
the parental species, and a few diagnosed as the pure species may be hybrids. 
Most of the determinations, however, seem correct. 

We conclude that Catostomus macrocheilus and Catostomus syncheilus 
syncheilus hybridize rather commonly. A rather uniform intermediacy per- 
vades all the known distinguishing features: number of dorsal and of pelvic 
fin rays; number and size of scales on all parts of the body; differences in 
proportions and form; distinctive characters in the structure of the mouth; 
differences in coloration. The intermediacy in any one of these systems 
would suggest hybridization; the intermediacy in all respects virtually 
clinches the conclusion. By any other theory it would be difficult to explain 
why the specimens intermediate in counts (Fig. 1) should also show inter- 
vening proportions (Fig. 2). The multiple-factor type of inheritance is 
indicated for all the systematic differentiae. 


3 Catostomus macrocheilus x Catostomus syncheilus palouseanus 
(Pl. VI, Fig. 2b) 
U.M.M.Z. No. 98709: 1 yearling 65 mm. and 1 adult 204 mm. in standard length, 
seined by Leonard P. Schultz and Marvin Bowers in South Fork of Palouse River, 0.5 mile 


above Pullman, Washington; August 27, 1932. 
U.M.M.Z. No. 98725: 1 young fish 29 mm. long taken by the same collectors on the 


following day in the Palouse River at Palouse, Washington. 


In considering the relative numbers of hybrids and parental species in 
this combination, and in that of C. macrocheilus x C. s. synchetlus, it should 
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be recalled that parts of the collections made by Leonard P. Schultz and 
assistants were retained at the University of Washington. 

The interpretation of 3 individuals as hybrids between C. macrocheilus 
and @. syncheilus palouseanus is on the same basis as the identification of 
69 specimens as hybrids between macrocheilus and the typical subspecies of 
syncheilus. 

We have found in the Cyprinidae, Poeciliidae, and other families that 
the hybrids in the same interspecific combination differ, when different sub- 
species of one (or both) parental species are involved. The difference is in 
the expected direction, on the assumption that the heterozygotic forms tend 
to be more or less precisely intermediate between the particular parental 
types. When a subspecies of a parental species has some peculiarity in 
counts, measurements, or color, this feature is genérally to be seen, in diluted 
form, in the hybrid. This circumstance is part of the large body of data 


TABLE Ix 


RELATIVE NUMBERS oF HyBRIDS, Catostomus macrocheilus x Catostomus syncheilus 
palouseanus, AND OF THE PARENTAL KINDS 


Specimens in University of Catostomus Hybrid vehi 
Michigan Museum of Zoology macrocheilus sb gies tress vt 
palouseanus 
In collections containing hybrid 

Ui MEME Zien N On O81, 09 eee re eeneanrs 72 2 57 

Wie MieMeZicmNOgn S12 Oeste rene 21 il 3 

TO tall Wier. taint nese ee 93 3 60 

From the Palouse River system ........... 152 3 358 


which convinces us of the validity of the assumption that species of fish 
hybridize in nature. 

These conclusions are confirmed by the limited data on the hybrids in- 
volving C. s. palouseanus; unfortunately only 3 specimens have been identi- 
fied and 1 of these is too small for the determination of some characters. 
As compared with the hybrids between C. macrocheilus and typical C. s. syn- 
cheilus, those between C. macrocheilus and C. s. palouseanus have a lower 
average number of dorsal rays, and a higher average number of seales ; 
palouseanus differs from typical syncheilus in the same way (as first a owe 
by Schultz and Thompson, 1936), and the Palouse River race of C. macro- 
cheilus seems to show a local variation parallel to that exhibited by C. s. 
palouseanus. These relations are perhaps brought out best by the character 
index involving dorsal ray and seale counts (Table V). 

That the 3 hybrids of this combination are nicely intermediate is indi- 
cated by their average hybrid indices (Table XXXIX) of 50, 57, and 60, on 


the percentage scale in which 50 denotes exact intermediacy in all the chase 
acters studied. 
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TABLE X 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus macrocheilus AND 
Catostomus syncheilus palouseanus, AND OF THE PARENTAL SPECIES 


The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 


a subscript, the number of specimens. 


Palouse River System, Washington 


Size group, mm. 
CRTNACTOCHCULUS er garenay eet re tacts eas 


SiS Te eee 


C. SYNCNEUUS PALOUSEANUS vreecsesseeseeeen 


Body depth 
OM MUACT OCI CUS trnctntae itinerant. 


REST yg Ted CLS fateesere recsceces startet co nsceisshearueteoer eer 


C. SYNCHEUMUS PALOUSCANUS ueesccssesecnesereee 


Caudal peduncle, depth 
CA TVOCT OCI CUUS art acntucneieeennte 


BEL yo TLS) cece ne cert cean ter eieceneyitdeneeoncre 


C. syNchetlus PAlOUSCANUS oeccceescreerseeree 


Head length 
CRTMOCTOCHCWUSI ee counter: 


RETsyito Wd Ces gu neeertnar teense speacceitreseecgrestriereeeccce 


C. syNchetlus PALOUSECANUS -ecsooccisreeenree 


Head depth 
GRMUACT OCIUCUUS So aw stnd cee ecerannasacs 


Valy Owe lS) peeveasemesirnectncn tora eteaccen renee ere 


CO. sYNChEtlUs PALOUSEANUS rressseccesserre 


Head width 
CTU CT OGIUCUUUS ercrnstaccscscss eetetncctetesonsscssaazserses 


FY DTIS sesesssssesssscnsseeneenteneseonnnsentneeneneensnte 


C. synchetlus PAalOUSCANUS .orcccrersnrn 


Snout length 
PRTG CTOCIGULUS Wetacccmraecsescitticccrsercorseetcer 


FLY DTIGS eescsessstssseessnentntneneseenrnenenenentnnsey 


C. sYNCHEMUS PALOUSCANUS orreneererrenrs 


(197) 


(287) 


(181) 


(156) 


44-105 
(80)18 


44-85 
(65) 14 


189-236 
(213) 


(269) 


(173) 


145-164 
(156) 


136-164 
(151) 


120-255 
(195), 


(204), 
122-178 
(140) 5 


203-221 
(213) 


oa 
193-217 
(205) * 


(253) 


218-254 
(231) 


163-172 
(167) 


(162) 


112-141 
(131) 


Cae 
91-123 
(113) 


* Computations based on measurements of 14 specimens. 
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TABLE X—(Cont.) 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus macrocheilus AND 
Catostomus syncheilus palouseanus, AND OF THE PARENTAL SPECIES 


Palouse River System, Washington 


Mouth width 


CE MaACrOoChewlis naceasc neon anreeee 68-85 64-83 67-102 
(75) (76) (85) 
Ich gill ee en eee MS isereres | || demote aaisecaataee 
df (77) (91) (78) 
C. SYNCHEMUS PALOUSCANUS cerseosesssessereee 73-92 73-104 81-107 
(80) (86) (94) 
Cartilaginous ridge, width 
CRMACTOCNCUUS termcrnte tetra 38-55 36-44 35-46 
(42) (40) (41) 
ERY DY LS) o aecescraencentcesah easement aeereure I munEate mes Mensa! (| eee 
(50) (48) (43) 
Cy. syncheilus PalousCQnus ecco 31-46 40-57 45-57 
(48) (49) (51) 
Mouth length 
CUM acnocheilils ens aeee 47-65 51-64 57-77 
(55) (58) (70) 
56 gta | emer DD ort | Il cee, ME ceecteracen, 
(55) (65) (60) 
Cy. syncheilus PAalOUs€ANUs recccccscseneeun 52-60 47-75 64-77 
(56) (61) (69) 
Lower lip, union 
Ce MOCTOCh CLS are ee tenner 8-17 9-16 13-20 
@2)* (12) (15) 
EE DYIGS 7 iiitiisinsancpateguauientaoaetee mere | eee Se |) eu gieetce oee 
(17) (17) Clip) 
C. SYNCHEMUS PAlOUSEANUS ceocosscsecoesoee 11-19 15-25 16-30 
(17) (19) t (23) 
Dorsal fin to occiput, distance 
COMGCTOCIELUG see eee 235-264 233-276 250-300 
(250) (256) (282) 
Lik g og! Seen ene Meee eee eae we eee TP 
(227) (266) (287) 
C. SYNChEMUS PALOUSEANUS oocccossseoseooe 244-272 263-292 251-320 
(261) (279) (284) 
Dorsal fin base 
Co MGCNOChEUsi anatase 184-237 192-242 179-212 
(215) (215) (190) 
Hybrids ucscasmmelieesatancegmuneal & Cenk eee ne whats 
(197) (186) (176) 
C. sYNChEiIUS PALOUSCANUS vroocccseoeoooee 182-208 169-222 156-199 
(191) (187) (178) 
Depressed dorsal fin, length 
C. MACTOCRCUMUS accetsssteneiosinvasinesee 282-327 281-332 252-298 
(302) (301) (272) 
i a ee ee wee eee 
(286) (281) (248) 
C. syncheilus PaloUSANUs coco... 259-294 255-293 221-304 
(275) (274) t (264) 


Computations based on measurements of 24 specimens. 
+ Computations based on measurements of 13 specimens. 
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The intermediate features of C. macrocheilus x C. syncheilus palouseanus 
hybrids involve proportionate measurements as well as the counts. As 
shown by Table X, either 2 or all of the 3 hybrids are intermediate be- 
tween specimens of the parental types of comparable sizes in: the length and 
depth of the head, the length of snout, the width of the cartilaginous ridge 
in the mouth, the length of the union of the lower lip (Pl. VI, Figs. 2a-c), 
and the length of the depressed dorsal fin. Inconsistent results were ob- 
tained for the depth of the body and of the caudal peduncle, the width of the 
head and of the mouth, the distance between the origin of the dorsal fin and 
the occiput, and the length of the base of the dorsal fin. 

The interpretation of hybrid origin and of the seemingly Galtonian in- 
heritance of the systematic characters is confirmed by the form of the snout, 
the structure of the mouth, and the coloration (Pl. VI, Figs. 2a—c). The 
remarks on these features given for the C. macrocheilus x C. s. syncheilus 
cross apply in toto. 


HYBRIDS BETWEEN THE GENERA CATOSTOMUS AND PANTOSTEUS 

With even greater confidence we can claim that species of Catostomus 
and of Pantosteus hybridize in nature. In these combinations, intergeneric 
according to the current nomenclature of the family, the gap between the 
parental species is so wide and involves so many characters that specimens 
which are intermediate in all important respects can hardly be interpreted 
in any other light. Many of the differences which distinguish C. catostomus 
from C. commersonnii, and C. syncheilus from C. macrocheilus appear ex- 
aggerated when we contrast species of Pantosteus with those of Catostomus. 
The snout of Pantosteus is much more depressed and bulbous and projects 
beyond the mouth (Pls. IV to VII). The upper lip (Pls. I and IV) in Pan- 
tosteus is even more modified than in Catostomus catostomus and C. syn- 
cheilus, in the better developed ridge and in the overhanging form, with the 
smoother outer part tending to overlap the strongly papillate inner surface. 
The lips are flatter. The crease separating the upper and lower lips on each 
side is deeper and extends to the angle of the rather deep emargination at 
the outer corner of the mouth. On the midline, in contrast, the lower lips 
are much more broadly conjoined. The cartilaginous biting or scraping 
edge of the lower jaw is much better developed. This ridge is stronger, 
broader, and much more nearly transverse. The gape in consequence is 
straightish, rather than strongly arched. The outer ends of the ridge are 
more definitely shouldered. In some species of Catostomus, notably C. com- 
mersonnii, the mouth is moderately oblique, whereas in Pantosteus it is 
always strictly inferior and horizontal (Pls. IV-V). In Pantosteus the gen- 
eral color is darker, and the peritoneum is more jet-black than in the species 
of Catostomus with which it has been found to hybridize (the differences in 
peritoneal pigment are especially notable in the young, in which the black 
color often shows through the thin belly wall). The intestine averages 
longer, and the air bladder more reduced in size. 
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50 


CATOSTOMUS PANTOSTEUS 


SPECIMENS 


165m 1O5tmn 205m 225 un c4 2 D>unZO SIO 58m OCD Os mo” 
-184. -204 -224 -244 -264 -284 -304 -324 -344 -364 -364 


CHARACTER INDEX OF MOUTH AND ISTHMUS PROPORTIONS 


Fig. 3. Comparison of all Catostomus x Pantosteus hybrids with the parental species 
in the character index of mouth and isthmus proportions. 


The concordant data of 1942 for the Catostomus, species x Pantosteus santa-anae cross 
are included in Tables XI and XII, but not in this graph. 


In all these respects the hybrids correspond with neither parent species, 
but are intermedial. The hybrids of the different Catostomus x Pantosteus 
combinations are not exactly alike, nor would this be expected, for the paren- 
tal species of the several combinations are diverse. Thus in mouth structure 
the special features of the parent species of the different combinations are 
reflected by the hybrids (Pls. I and IV). 

That the mouths of the Catostomus x Pantosteus hybrids are intermedi- 
ate in measurements as well as in structural details is brought out by the 
data in Tables XI and XII and in Figures 3 and 4. In order to restrict the 


overlap of the hybrid values on those of the parental types and to simplify 
380) 
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Fig. 4. Variation with standard length of the character index involving mouth and 


isthmus proportions in hybrids, Catostomus insignis x Pantosteus clarkii, and in the 
parental species, 
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the comparisons, we have united into 1 character index the 3 proportional 
measurements of the mouth that tend to be higher in Pantosteus than in 
Catostomus, namely, the over-all width, the width of the cartilaginous ridge 
of the mandible, and the length of the union of the lower lip ; and for further 
distinctiveness of the index, we have added the proportionate width of the 
isthmus, which also tends to have a high value in Pantosteus. One reason 
for such a combination of proportionate measurements is to give joint ex- 
pression to a series of characters and to minimize the importance of extreme 
fluctuations in single features. These objections have been so well attained 
in the present application of the character index that it is possible to com- 
bine the indices for all localities and size groups of each combination without 
confusing the picture. Inspection of the frequency table indicates that the 
character indices of the hybrids overlap relatively little on those for the 


TABLE XII 


FREQUENCY DISTRIBUTION OF THE HYBRID INDEX DERIVED FROM THE CHARACTER 
InDEX oF MoutTH AND ISTHMUS DIMENSIONS, FOR ALL 
Catostomus x Pantosteus HYBRIDS 


Hybrid Index Statistical Computations 


-5.1 5.1 | 15.1 | 25.1 | 35.1 | 45.1 | 55.1 | 65.1 


to to to to to to to to No. S.E. 
5.0 | 15.0 | 25.0 | 35.0 | 45.0 | 55.0 | 65.0 | 75.0 
i db 9 4 32 24 al 3 86 5 


* The 2 very low values (—3 and 6) are due in part at least to the small size of the 
specimens (see footnote to Table XI); all other indices ranged from 14 to 70. 


parental species, and a scrutiny of the raw data shows that perhaps half of 
this moderate overlap is attributable to age and local variation rather than 
to individual variation. Obviously, the hybrids have values for this index 
of mouth and isthmus dimensions that intervene between the usual figures 
for the parental species. Again the frequency distribution is unimodal, and 
apparently of essentially the normal type. 

The relative growth of the lips and isthmus as combined into the charac- 
ter index seems to be intermediate in the hybrid: the index value increases 
with age in Pantosteus clarkii, remains nearly level in the hybrids, and 
decreases with age in Catostomus insignis (Fig. 4). 

In this character index most of the hybrids, for some reason, approach 
the Catostomus parent somewhat more closely than they do the Pantosteus 
species involved in the cross. This relation is best brought out by com- 
puting, for each individual hybrid in each combination, the hybrid index 
(pp. 6-8), and then averaging the 86 indices—as done in Table XII. In each 
measurement involved in the computation of this hybrid index the hybrids 
tend to resemble the Catostomus parent the more closely ; that is, the hybrid 
indices average lower than 50 (Table XXXVIIT). 
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The species of Pantostews usually have shorter dorsal fins, with fewer 
rays on the average, than do the forms of Catostomus ; and the hybrids have 
intervening average numbers. This is indicated for 6 of the 7 combinations 
(Table XXXII). In the 1 exceptional case the parental types are very 
close, and there are only 2 hybrid specimens. 

The interjacence of these intergeneric hybrids is well shown by the scale 
counts (Tables XX XIII to XXXVII). The hybrids tend to be intermedi- 
ate in scale number whether the Pantosteus parent-form has fewer scales or 
more scales than the Catostomus species entering the cross. 

It seems superfluous to compare all the intergeneric hybrids in detail with 
their respective parental species. There can be little doubt of the interpre- 
tations, except possibly for an occasional specimen. The hybrids show in- 
termediacy not only in the characters in which the genera differ. They have 
values which interpose between those of the particular species of the 2 genera 
which occur in the same place. 

Since 2 species of Pantosteus seldom if ever occur together, and since the 
species of Catostomus which here and there occur together are very distinct, 
we have felt little hesitancy in our interpretations of the species which are 
involved in each of the intergeneric crosses. 


4. Catostomus commersonnii sucklit x Pantosteus jordani 
(Pl. IV, Fig. 2) 

U.M.M.Z. No. 120375: 1 half-grown 56 mm. long to caudal base, captured by L. C. 
Stuart and A. M. Stebler in Grace Coolidge Creek about 1 mile above State Game Lodge, 
Custer State Park, Custer County, South Dakota; August 7, 1934. 

U.M.M.Z. No. 120381: 1 half-grown 57 mm. long, collected by L. O. Stuart in French 
Creek above the new dam about 5 miles east of Custer, Custer County, South Dakota; 
August 27, 1934, 

TABLE XIII 


RELATIVE NUMBERS of HysRips, Catostomus commersonnii sucklii x Pantosteus jordani, 
AND OF THE PARENTAL SPECIES 


Specimens in University of Michigan ee nes Hybrids Pantosteus 
Museum of Zoology nee jordant 
In collection containing hybrid 
SUE IVEIMEZmeNO gl 203 (Onrrcna cece 14 1 37 
WGA, INNO, SIPAUBISME nc ceeserteormonneaen 33 il 7 
AOE US cotcec teeny reeren pert carters eee cern rere ee 47 2 44 
From the Missouri River system ................... 2111* 2 691 


* Including a few specimens from the eastern part of the Missouri River system 
which may be referable to C. c. commersonnti. A considerable percentage of the C. c. 
sucklii total represents specimens from beyond the known range of Pantosteus. 

These 2 sucker specimens can hardly represent any known or unknown 
species, for they are very distinctive in characters and come from the rather 
thoroughly collected region of the Black Hills. They obviously are hybrids 
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TABLE XIV 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus commersonnii sucklit 
AND Pantosteus jordani, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as a 
subscript, the number of specimens. 


French and Grace Coolidge Creeks, South Dakota 


Size group, mm. Snout length 
C. commersonnti SUCK occ... 50-70 C. commersonni sucklii ... | 108-130 
(62) 10 (121) 
ELV DTIGS, vercnssetaiteyaacotansane tnt 56-57 Hybrids! tej eee 107-128 
(57) (117) 
PMOT AGNI aa o.corenncs 48-79 Pe JOVOQN seen ee 104-120 
(55) 10 (110) 
Caudal peduncle, depth Mouth width 
C. commersonnit sucklat ....0... 85-94 C. commersonnii sucklii ... 74-86 
(88) (79) 
JH Vib 110.8 etwenaticnatne ees 85-89 Hybrids asa eest nets 94-102 
(87) (98) 
LP JOTOGNU at anata 78-91 Pe IOT AAR gcc ee 102-115 
(83) (108) 
Head length Cartilaginous ridge, width 
C. commersonnit sucklit ........ 284-301 C. commersonnii sucklit ... 36-44 
(294) (40) 
ELV TIGS g stetantaste ane eeecere eee 267-281 Hybrids coarse 47-48 
(274) (47) 
ret OF OGN nance eee OOn POT GGNt ee ee 62-69 
(254) (65) 
Head depth Mouth length 
C. commersonnii sucklii ........... 168-182 C. commersonnii sucklii ... 53-62 
(176) (56) 
Ey Dridsienmanrcmnencem rece GO= 167, Hy DIGS corto eee eee 65-68 
(166) (67) 
EI OLAON nee en eee ene 143-160 Pe GOV OGNW cca i ee 63-78 
(151) (69) 
Head width Lower lip, union 
C. commersonnit sweklit coco... 164-178 C. commersonnii sucklii .. 10-16 
(169) (14) 
ELY DTS sree een eee eee 163-168 Hy bridge eecnnocmnee 16-21 
(165) (19) 
de SRO OT ON, cverostnra den, Renee dares 150-165 Ps GOV OCI: ere: ee eee 27-38 
(158) (32) 
Isthmus width 
C. commersonnii sucklit ......... 52-62 
(55) 
Ey Drids'-a rece ee 73-82 
; (77) 
Ee JON OGM ca eee ee ee 87-102 
(96) 


between the 2 common Species of the region. No other kind of either Catos- 
tomus or Pantosteus occurs there. They show intermediate values, or aver- 
ages, for the: 


Number of dorsal rays (Table XXXIT), 
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Number of scales in all 5 series counted (Tables XXXIII to 
XXXVI), 

Length, depth, and width of head; width of isthmus; length of snout; 
and the several mouth measurements (Table XIV), 

Form of snout, structure and slant of mouth, coloration, ete. (as indi- 
cated on pp. 33-36; Pl. IV). 

The average hybrid indices for the 2 specimens are respectively 39 and 48 
(Table XX XIX). 


5. Catostomus commersonnii sucklii x Pantosteus delphinus delphinus 
(Pl. V, Fig. 2) 

U.M.M.Z. No. 105638: 5 young and yearling specimens 34 to 74.5 mm. in standard 
length, seined by W. Petravicz and Middendorf in Colorado River, near its headwaters, 
at Hot Sulphur Springs, Grand County, Colorado; July 28, 1938. 

U.M.M.Z. No. 136912: 1 half-grown 128 mm. and 1 adult 231 mm. long, collected by 
John Greenbank in Dry Creek, a tributary of Gunnison River, 3 miles west of Olathe, 
Montrose County, Colorado; April 21, 1941. 


TABLE XV 


RELATIVE NUMBERS OF HYBRIDS, Catostomus commersonnii sucklit x Pantosteus delphinus 
delphinus, AND OF THE PARENTAL SPECIES 


: : : : vas Catostomus Pantosteus 
eS on HE Aaa eee commersonnit Hybrids delphinus 
Detar DOT A SES suckli delphinus 
In collections containing hybrid 

U.M.M.Z. No. 105638 0 5 23 

U.M.M.Z. No. 136912 1 2 11 

BTN Gee ee settee se crcse mec Sageesereares cnet al tl 34 

From the Colorado River system .................. 10 if 2031* 


* Many of these are from areas into which C. c. sucklit has not yet spread, or were 
collected prior to the introduction of that species. 

The most exceptional and unexpected conditions under which these 
hybrids were obtained are explained on pp. 12-13. The very high frequency 
of the hybrids in comparison with the number of specimens of Catostomus 
commersonnit sucklit known from the Colorado River system is probably 
attributable to the recent introduction of that species into the Colorado 
River drainage. Such disruptions of long-standing ecological relationships 
apparently favor hybridization. The incidence of interspecific mating has 
presumably been increased by the scarcity of the introduced form and the 
abundance of the native Pantosteus d. delphinus at the times and places of 
collecting. The sucklit strays have probably found it as easy to contact 
spawning schools of delphinus as to establish pure spawning runs in an area 
already saturated with sucker populations. 

The characters of these hybrids, at least on the average, are intercalated 
rather well between those of the parental species. This is true of the: 
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Number of dorsal rays (Table XXXII), 

Number of scales in all 5 series counted (Tables XXXIII to 
9.0.2.4 '8 15 

Depth of caudal peduncle (slender in P. d. delphinus, Pl. V), depth 
of head, width of isthmus, length of snout (in No. 105638 only), 
and in all dimensions of the mouth and lips (Table XVI). The 
length and the width of the head are the only noncommittal 
characters. Some of these characters are shown on the figures 
(Pl. V, Figs. 1-3). 

It was first thought that the 2 specimens, No. 186912, might be hybrids 
between Catostomus commersonni sucklu and C. latipinnis discobolus, but 
the measurements fitted that assumption very poorly, and a more detailed 
examination of the mouth disclosed Pantosteus-approaching features. The 
size of the scales further indicates that the called-for Catostomus parental 
species is neither the native C. 1. discobolus nor C. catostomus griseus, which 
Mr. Greenbank also collected in the region. Particularly impressive is the 
approach shown by the hybrids to the peculiar squamational pattern of P. d. 
delphinus, which has very small scales forward but large ones in the caudal 
region (Pl. V). 

Some of the 7 specimens approach the Catostomus parental species, others 
are closer to the Pantosteus form. The hybrid indices grade from 28 to 85, 
with an average of 53, close to the midpoint (Table XXXIX). 


6. Catostomus insignis x Pantosteus clarkvi 
(Pl. I, Fig. 3b; Pl. VI, Fig. 3b) 


U.M.M.Z. No. 110433: 1 half-grown 110 mm. in length to base of caudal fin, seined 
by C. M. Tarzwell in Taylor Creek, near the road between Beaverhead and Silver City, 
Gila National Forest, New Mexico; August 16, 1935. 

U.M.M.Z. No. 118175: 3 young to half-grown 51 to 138 mm. long, taken by Gee and 
Carr of the U. 8. Forest Service in Taylor Creek, New Mexico ; August 26, 1937. 

U.M.M.Z. No. 121642: 6 yearlings 73 to 94 mm. in length, seined by Tarzwell and 
Smith in the Middle Fork of the East Branch of Black River, at Crosby Ranch, Apache 
National Forest (Town 6 N., Range 28 E.), Arizona; July 22, 1937. 

U.M.M.Z. No. 121646: 1 half-grown of 102 mm., taken by the same collectors in the 
West Fork of the East Branch of Black River at Three Forks, Apache National Forest 
(T.5 N., R, 29 E.), Arizona; April 23, 1937. 

U.M.M.Z. No, 125016: 3 yearlings 58 to 64 mm. long, collected by Carl L. Hubbs and 
family in Beaver Creek, near its junction with Verde River, near Camp Verde, Yavapai 
County (T. 14 N., R.5 E.), Arizona; September 2, 1938. 

U.M.M.Z, No. 125026: 7 young and yearling fish 47 to 76 mm. in length, obtained on 


the same day in Verde River, just above Camp Verde, near the mouth of Beaver Creek, 
Yavapai County, Arizona, 


This is perhaps the most clear-cut and convineing of the hybrid combi- 
nations among the Catostomidae. In the region where hybrids were secured, 
the only sucker species usually present are Catostomus insignis and Pantos- 
teus clarku, and these species commingle in the same habitats. They are 
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PROPORTIONATE MEASUREMENTS oF HYBRIDS BE 
AND Pantosteus delphinus delphinus, 

_ The measurements are expressed as thousandths of the 
given for each item the range of the measurements; the aver 


TABLE XVI 


a subscript, the number of specimens. 


4] 


TWEEN Catostomus commersonnii sucklii 
AND OF THE PARENTAL SPECIES 
standard length. There are 
age, In parentheses; and, as 


Hot Sulphur Springs, 


Grand River System, 


Colorado Colorado 
Size group, mm. 
CROMSUCKIUt ee 32-57 66-125 |e 189-239 
(44) 10 (98), (155), (213), 
SiS e0ht. 5 ee 34-43 LYS Al YO) ogee ee 
(40) (64). (128), (231), 
en GEUDNUNUS | eee 37-41 52-73 87-161 205-272 
(39). (60), (123). (237). 
Caudal peduncle, depth 
Ch GEST A ee 82-97 O5— 0 San eee 88-95 
(93) (98) (97) (91) 
HEL VDT Spheres ort ee sieaans 79-85 83-90 dey Me eee 
(82) (87) (84) (90) 
eA GCUDMINUWS: ancesceea 73-79 75-83 68-76 70-74. 
(76) (78) (73) (72) 
Head length 
CRMC MSUCICIM gee nee oe 279-305 264-293 Bes 238-276 
(293) (283) (272) (255) 
ERY DTC S ieee ean res, Pec 252-284 256-28 0 aee | Wane en's, ere 
(273) (271) (275) (249) 
a em CeUpNinus wesc 269-284 249-260 218-246 216-227 
(277) (256) (234) (222) 
Head depth 
CM CHPSUCKIU reer tare e, 171-182 D5 5—1:6 1s eee 156-167 
(178) (173) (164) (163) 
1S 7] Oa ee Go cree 156-165 fi) Ol. 69 aie eevee = eam | Pe tered Aco 
(160) (163) (163) (158) 
PARA ROeCUDRINUS meena ee: 153-159 142-155 137-154 139-148 
(155) (149) (144) (145) 
Head width 
CCM SUCH teen 163-175 BY AG: TN Be eercen 154-171 
(168) (166) (166) (164) 
FEL VDI Steen tee eee 149-155 aL 21.6 Sere | eee ee | eee ee 
‘ (152) (160) liza) (168) 
Eee COUDRUNUS seen 154-163 153-167 158-170 168-175 
(159) (159) (165) (171) 
Isthmus width 
CMECAISUCKIY & iene = 32-53 ONO oe | eee 41-58 
(42) (47) (50) (49) 
dB Das OH GBS KS gases od a Pamper een 50-62 507 2am | eee: a ee 
, (55) (65) (66) (56) 
EGC DUN U Serene 77-103 63-87 79-104 98-135 
s (84) (78) (92) (118) 


* The figures entered for the Catostomus for Hot Sulphur Springs are transferred 
from Table II, which is based on material from the North Platte River of Wyoming and 
Nebraska, since none were secured at Hot Sulphur Springs and the species was probably 
introduced into the Upper Colorado River from the Platte River system. 
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TABLE XVI—(Cont.) 


PROPORTIONATE MEASUREMENTS OF FIYBRIDS BETWEEN Catostomus commersonniit sucklit 
AND Pantosteus delphinus delphinus, AND OF THE PARENTAL SPECIES 


Hot Sulphur Springs, Grand River System, 
Colorado Colorado 
n length 
: ae = StouUe Pt rien aetna 103-125 T16—1360 we esac 126-145 
(114) (126) (139) (133) 
FLY Did esesssssssesrentnenenenetnrntnenen 99-110 116-1327 7) Pee eee ee 
(105) (124) (146) (142) 
PB. Ge GEUDRANUB sr crsenrsscisecarseenen 93-105 105-122 111-136 124-145 
(101) (113) (123) (130) 
Mouth width 
CRC SUCIUA recnerrtenvettenteter 72-85 67=90. "| Gee 82-88 
(77) (77) . (93) (85) 
TEV Drd 8 sree cerentntteren nese 77-83 BB—108 fo cereenecae ook 
(79) (95) (96) (93) 
Py As GeUPRANUS  svscsscnrscioeceestiees 88-103 100-117 96-122 98-115 
(95) (110) (111) (105) 
Cartilaginous ridge, width 
C550.) SUCHUU a cncacnrcanccrramencts 40-48 89-937 | eee 39-42 
(42) (45) (45) (40) 
DEL y OI metene er creer rcterneetenteneeen: 46-50 §5=56), 9) feces | Goeoiees 
(48) (55) (45) (49) 
PA Ae GeLD RUN US permenenassrer 58-63 57-67 62-76 65-73 
(60) (62) (69) (69) 
Mouth length 
GCs, SUCKUG irercanctenicntacnncene 51-63 52-63) cies 63-70 
(56) (56) (65) (67) 
Gab AUOKUIK yen aero ones retreats 60-62 65-66 | kee) Pees 
(61) (65) (72) (72) 
Pt) CEUDRUVUS Veatarcmaciesnce 54-66 63-76 68-84 75-84 
(63) (70) (77) (77) 
Lower lip, union 
CECI SUCK Fa rettnscrsncctonotiusian 7-18 13-18 |) ease 13-18 
(11) (15) (14) (15) 
LY DELS) Graennccrnamreenerinmeeamran 14-19 VI—A19 fe eke || Pens 
(17) (18) (19) (15) 
BP, A. CEUPRAUMNUS: carccnssrcncncscastan 21-27 25-33 33-40 28-38 
(24) (27) (36) (34) 


TABLE XVII 


RELATIVE NUMBERS OF Hysrips, Catostomus insignis x Pantosteus clarkii, AND OF THE 
PARENTAL SPECIES 


Specimens in University of Michigan Catostomus Pantosteus 
Museum of Zoology insignis clarkit 
In collection containing hybrid 
.Z. No. 110433 18 
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strikingly different in a large number of characters, and the hybrids are con- 
sistently intermediate. 

The dorsal rays average 11.00, a little less than midway between the mean 
of 11.32 for C. insignis and average of 10.59 for P. clarkii (Table XXXIT). 

The average number of the scales in this combination intervenes nicely 
between the means for the parental species (Tables XX XIII to XXXVII: 
Fig.7). This is a particularly significant fact, in view of the very arent: 
Squamational pattern of P. clarkii, in which the scales are small except on 
the anterior part of the back, where they are spectacularly increased in size. 
In the series along the lateral line, below the lateral line, and around the 
caudal peduncle clarkii has finer scales than has msignis; but before the 


I5 


CATOSTOMUS 
INSIGNIS 
PANTOSTEUS 
HYBRIDS CLAPKI// 


SPECIMENS 


42 46 50 54 58 62 66 70 14 716 
=) i) oes YG) OG SE) IRS oT Ol 


CHARACTER INDEX OF SCALE COUNTS 
Fie. 5. Comparison of hybrids, Catostomus insignis x Pantosteus clarkii, with the 
parental species in the character index of scale counts (Table XVIII). 


dorsal, and to a lesser degree in the row above the lateral line, the relation is 
reversed, in that clarkw here has fewer scales than does insignis. But in all 
series the hybrids are intermediate. 

Much of the overlap between the scale counts of the hybrids and those 
of each parental form can be eliminated by combining all the enumerations 
of each specimen into a single index: 

(Seales in lateral line + scales below lateral line + scales around caudal peduncle) 
minus (scales before dorsal +scales above lateral line). 

As shown in Table XVIII and in Figure 5 most of the indices for the 
hybrids are intercalated between the adjacent extremes of variation of the 
parental species. Thus, we again confirm the interpretation of the aberrant 
specimens as hybrids and verify the view that systematic characters do not 
mendelize in inheritance. 
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The hybrids display their origin and the mode of inheritance involved 
in almost all the proportionate measurements (Table XIX). Of the 10 
measurements taken, only the head width fails to bear significantly on the 
problem. The length of the snout gives data that is hardly trustworthy, 
though the averages for the hybrids do lie between those for the parental 
species. Strikingly intermediate are the average values, in the hybrids, of 
the following proportionate measurements: depth of caudal peduncle, length 
and depth of head, width of isthmus, length and width of mouth, width of 
cartilaginous ridge of lower jaw, and length of union of lower lip. 


TABLE XVIII 


FREQUENCY DISTRIBUTION OF THE CHARACTER INDEX FOR SCALE CoUNTS IN HysrIDs, 
Catostomus insignis x Pantosteus clarkii, AND IN THE PARENTAL SPECIES 
The index is derived by summing the counts of scales along lateral line, below lateral 
line, and around caudal peduncle; then subtracting from this sum the count of scales above 
the lateral line plus the predorsal scale count. 


Character Index for Seale Count 


50— | 54— | 58— | 62- | 66— | 70- 
53 57 61 65 69 73 


Catostomus insignis ............ 11 AN Peco) Gocecun| eee meet 
LY DELdS Vrientan ca Moaaccas lees 9 || eee | eel eee alah 7 Sa aes 
PONtOSteus: CLATIVG ce el ee | ee ee | ee 2 10 9 


No Range Ave.* 
Catostomus insignis voc... 40 42-55 48 
JaR ASPB) ccoteente neers: 21 58-68 62 


Pantosteus clarkii 39 65-81 72 


* Computed from the original, unclassed data. 


In this combination the origin of the hybrids is particularly well shown 
by the structure of the mouth. The difference between the parental species 
involves all of the features mentioned in discussing the intergeneric hybrids 
(pp. 33-36). A very striking contrast is offered because the mouth of P. 
clarkit is especially extreme (Pl. I, Fig. 3c) : it is extremely broad, and the 
gape almost strictly transverse; the lower lip is very full, and the median 
incision is shallow; the lateral emarginations are very deep. The mouths 
of the hybrids are invariably intermediate in structure (Pl. I, Figs. 3a—c) 
and obliquity (Pl. VI, Figs. 3a—c), and are almost always of intervening 
values in the dimensions (Fig. 4). Some specific features of C. insignis, 
such as the extreme turgidity of both lips and the fine, thick-set papillary 
pattern, are well reflected in the hybrids. 

The character index for mouth and isthmus dimensions (Fig. 4) not only 
has intermediate values in the hybrids, but also indicates an intermediate 
relative growth for these dimensions. The index falls with age in Catosto- 
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TABLE XIX 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus insignis AND Pantosteus 
clarkit, AND OF THE PARENTAL SPECIES 
_ The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as a 
subscript, the number of specimens. 


ere East Branch, Black Taylor Creek, 
‘Asivona River, Arizona New Mexico 
Size group, mm. 
C. insignis 51-84 77-90 91-118 48-57 93-167 
(63)15 (84) (104). (52)4 (134), 
HEV DURCS ore es sect estes tcag eres 47-76 73-84 94-102 51-57 110-138 
(59)s0 (78) (98)2 (54). (124). 
TE, ANAM PY SUO cveseccteceestsmmceeerereay cee 49-92 58-78 91-179 49-82 127-163 
(61)1s (64), (125). (62). (146), 
Caudal peduncle, depth 
CRUNSUOTIVS Fenestra 85-101 105-113 100-115 100-106 99-107 
(94) (109) (107) (103) (102) 
BEI y: Dus epee see ere 82-96 94-102 | 100-100 90-96 94-97 
(88) (98) (100) (93) (95) 
BE CLONICUY eo eemee ay tcnscsne nisin 76-87 93-103 83-98 78-88 80-90 
(82) (97) (93) (85) (84) 
Head length 
CO}, CHOSUGHOUD: <iececsesanumeeaeen ct 273-297 | 265-289 | 261-276 | 287-315 | 257-282 
(284) (278) (271) (302) (267) 
TS yOTUS) erasers enescccrertecertte niet 261-281. 260-272 260-261 284-291 254-279 
(273) (267) (261) (277) (267) 
Pe CLO ICUY, wetter ettenrcsecssqigtessrsssssegss 245-272 255-281 224—267 237-274 232-257 
(255) (268) (248) (258) (244) 
Head depth 
CHAUNSUGNISt ee ee nen 172-193 | 186-195 | 172-190 | 189-204 | 170-188 
(183) (188) (181) (197) (179) 
HEliy Did CU Siapernet steers rririar steer 165-180 | 172-180 | 164-176 | 184-185 | 162-172 
(175) (178) (170) (185) (167) 
BEER CLOUT IG Ub aremtcorecrsmcrcnviecpsrsttreses ar 153-171 166-181 137-182 150-165 143-157 
(163) (178) (161) (160) (151) 
Head width 
GS GUSHOLES core eee geen acres 162-191 158-192 166-187 185-191 168-182 
(176) (180) (176) (187) (176) 
TBE aneKOIS| — oneernnmohenomenrmeane 162-176 | 179-185 | 168-183 | 176-186 | 173-179 
(171) (182) (177) (181) (176) 
PECL Wiener nite scnaricier 161-176 | 183-196 | 178-190 | 166-174 | 168-197 
(169) (187) (184) (170) (182) 
Isthmus width 
OAUUSIONAS terns 63-81 50-69 57-71 67-78 56-66 
(70) (61) (63) (70) (64) 
PaKiES Leeper re aeerree 75-95 74-82 78-81 78-92 74-78 
uae (84) (78) (79) (85) (76) 
POLO MCU eceerrensrtet 93-115 | 104-121 99-111 | 101-120 94-113 


(109) (112) (105) (111) (106) 
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TABLE XIX—(Cont.) 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus insignis AND Pantosteus 
clarkii, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as a 
subscript, the number of specimens. 


Verde 
River, 
Arizona 


East Branch, Black Taylor Creek, 
River, Arizona New Mexico 


Snout length 


INALO NIG ooercnmeoresenain 116-136 | 121-150 | 119-140 | 128-143 | 132-145 
Cx INSIGNIS oessrereee (129) (141) (133) (136) (138) 
idS Weer eens 109-142 | 128-142 | 126-135 | 128-139 | 133-142 
BoE i cas (121) | (134) | (asi) | (433) | (437) 
GUL Cseccanencancaticntsenee 108-135 | 125-141 | 120-135 | 122-138 | 127-145 
cee a © ees (iis) | (433) | (129) | (27) | (3s) 
Mouth width 
CAIUS G NAS er amen ee 71-96 85-99 78-104 89-108 78-96 
(81) (93) (89) (97) (85) 
Ey brids gemini 78-117 111-125 105-113 108-119 111-114 
(92) (117) (109) (118) (118) 
Bi CLOTH Gaicccctimn 90-126 125-137 127-152 116-137 120-143 
(110) (132) (187) (124) (130) 
Cartilaginous ridge, width 
CRANSTON’ iii tcc: 38-52 37-43 31-41 37-51 29-41 
(44) (39) (34) (41) (37) 
HV DTIGS eetmee eee ne 48-67 44-53 50-56 55-55 55-55 
(53) (50) (53) (55) (55) 
PURCLOtI eae te tea tae 58-76 66-76 68-77 63-67 66-70 
(67) (70) (71) (66) (68) 
Mouth length 
OMINSUGIS Meuse eines 53-76 49-72 50-72 67-73 66-82 
(60) (57) (62) (71) (75) 
Hybrids Sassi a cenceeetn 52-87 76-89 74-83 85-87 85-86 
(67) (84) (79) (86) (85) 
UT CUCU 10th dean menarne en teetmeee 57-89 80-95 83-97 80-94 84-93 
(71) (88) (91) (87) (87) 
Lower lip, union 
Co ANSIGIAS csecicsasisirennsenes 9-14 12-20 12-19 9-20 12-18 
(12) (16) (15) (13) (15) 
Hybrids Seemeerurncne st mee 12-24 21-27 25-27 19-27 25-29 
(18) (23) (26) (23) (27) 
Ee CLOT OU tector enn cacao ea 29-39 33-42 37-50 37-42 42-46 
(35) (36) (48) (39) (48) 


mus insignis, rises in Pantosteus clarku, and remains about even in the 
hybrids. 

As usual the hybrids are also intermediate in form of snout, in coloration, 
and in other characters (PI. VI, Fig. 3). They tend to show their specific 
relationship to C. insignis in the development of dark spots on the scale 
pockets. 

The intermediacy of the hybrids is beautifully shown by the limited devi- 
ation of the hybrid indices from the mean percentage value of 50 (Table 
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XXXIX). The total range is 25 to 67, and in 17 of the 21 hybrids the 
indices vary from 39 to 63. 


7. Catostomus, species x Pantosteus santa-anae 
(Fig. 6; Pl. I, Fig. 1b; Pl. VII, Fig. 1b) 

U.M.M.Z. No, 181653: 1 young or yearling 45 mm. in standard length, seined by 
Robert R. and Ralph G, Miller in Santa Clara River 4.6 miles by road east of Piru, Ven- 
tura County, California; July 9, 1940. 

U.M.M.Z. No. 131666: 5 adults 99 to 114 mm. long, taken by the same collectors in 


Sespe Creek, a tributary of Santa Clara River, 4.5 miles north-northwest of Fillmore, Ven- 
tura County, California; same date. 


U.M.M.Z. No, 140484: 38 subadults and adults, 87-184 mm. long, secured by the same 


collectors in Sespe Creek, at base of dam about 0.5 mile above point where the collection 
was made in 1940; October 2, 1942. 


TABLE xX 


RELATIVE NUMBERS OF Hysrips, Catostomus, SPECIES x Pantosteus santa-anae, 
AND OF THE PARENTAL SPECIES 


Specimens in University of Michigan Catostomus, Teorids Pantosteus 
Museum of Zoology species y santa-anae 
In collection containing hybrid 
WENEIME Zin NOs S VOSS Marcetrreere cert 0 1 385 
U.M.M.Z. No. 131666 ..... 2 5 207 
U.M.M.Z. No. 140484 . 2 38 229 
4 44 825 
aa tyre MEP en 355 
eo oe ae 349 
2 6 845 
eee ie ey Cees, 125 
2 38 234 
5 44 1907 


The information on the collection of these hybrids and of the parental 
species poses a difficult problem. No species of sucker has been reported 
from the Santa Clara River system, though we have known for some years 
that this drainage is inhabited by Pantosteus santa-anae Snyder (1908)—the 
only species of the family hitherto known from the coastal streams of 
Southern California. Obviously one parent is this Pantosteus, which is 
locally abundant in the region where the hybrids were secured. The other 
parental species is obviously referable to Catostomus, but in the confused 
status of the taxonomy of this genus in the West Coast drainage it is inad- 
visable to attempt at present a more specific determination. 

Since in 1939 a single specimen of this Catostomus was seined in Santa 
Clara River, a return trip was made to the region in 1940. Vigorous col- 
lecting in nearly all available habitats yielded only 2 more specimens (in 
Sespe Creek), along with hundreds of the Pantosteus and the 6 hybrids 
(1 from Santa Clara River ; 5 from Sespe Creek). 
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In 1942 Sespe Creek was again visited. The seining was done in deep 
pools below a dam, for it was thought that the Catostomus might favor such 
a habitat. Only 2 specimens of this genus were obtained, however, along 
with the impressive number of 38 hybrids and 229 mountain suckers (Pan- 
tosteus). Of the Pantosteus 119 were discarded in the field after having 
been carefully checked by Robert R. Miller to make sure that no Catostomus 
and no hybrid was included. We are deeply grateful to Miller for his co- 
operation in this study. He obtained all of the hybrids of this combination. 

Two explanations for the rarity of Catostomus in the Santa Clara River 
system offer themselves: 

(1) It is a native species which was formerly common in the deeper holes 
but which is now approaching extinction because the surface waters are 
being consumed in irrigation and perhaps also because the holes in the river 
are being filled with flood washings. In years of more ample and more 


TABLE XXI 


Srx RATIOS OF HYBRIDS BETWEEN Catostomus, SPECIES AND Pantosteus santa-anae, 
AND OF THE PARENTAL SPECIES 


Catostomus, species Hybrids Pantosteus santa-anae 


Females Males Females Males Females 


ns 2 17 27 51 
Percentages _..... 3 39 61 46 


* The slight preponderance of females in the Pantosteus sample, collected in 1942, 
may be explained by the facts that many of the suckers were discarded in the field, and 
that the largest ones, predominantly females, were preserved. 
regular water supply this species and the Pantosteus may well have had a 
complementary distribution in the stream system; now they are forced to 
live together. 

(2) It is an introduced species which has not become well established 
and which, like Catostomus commersonnii sucklii in the Colorado system 
(pp. 12-13 and 39), has been thrown out of adjustment with its environ- 
ment. This alternative seems the less plausible, but is not readily to be 
excluded because we find very little basis, if any, for distinguishing the 
specimens taken in the Santa Clara from those collected in certain other 
watersheds in California. 

Hither theory offers conditions which, to judge from our studies on the 
hybridization of fish species in nature, would be conducive to the intermating 
of species and to the local extirpation of the rare parental form. The num- 
ber of species of each category collected each year (Table XX) provides a 
slight indication that the population of the Catostomus has been encountered 
in the last stages of its decimation. It certainly seems probable that the 
number of hybrids has been increasing. In this connection it is of interest 
to note that the gonads of the hybrids and of the Catostomus specimens col- 
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lected on October 2, 1942, showed evidence of little to no spawning during 
the previous breeding season. Most of the testes were large, and most of the 
ovaries were turgid with medium-sized eggs, not flabby and with relatively 
few eggs as in the Pantosteus specimens. The sex-ratio may be slightly 
altered in the hybrids (Table XX1). 

The average values for the counts (Tables XXXII to XXXVIT) are un- 
usually close in the Santa Clara River forms of Catostomus and Pantosteus 
and hence offer a poorer test than usual of the behavior of characters in spe- 
cies crosses. A small difference between the species, with the hybrids inter- 
mediate on the average, is indicated by the counts of dorsal rays and of scales 
in the lateral line, in the predorsal region, and around the caudal peduncle. 
The number of scales in the transverse series (above and below the lateral 
line), however, averages a little higher in the hybrids than in either parental 
species. This unusual relation may represent a true condition. The greater 
number of scales in the transverse series may well be correlated with the 
greater depth of the body in the hybrids (Table XXII). In the minnow 
hybrid, Gila orcutti x Siphateles mohavensis, a similar increase in trans- 
verse scale counts and in depth of body has been demonstrated and regarded 
as probably due to heterosis (Hubbs and Miller, 1943). The head averages 
longer than in either parental species, and the head and the caudal peduncle 
average about as deep and the dorsal fin about as large as in the Catostomus; 
the Gila x Siphateles hybrid is also large-headed and big-finned. In the 
head width, probably in the snout length, and certainly in the isthmus width 
and in all of the mouth measurements (which are particularly significant), 
the hybrids are intermediate between the Catostomus and the Pantosteus 
(some of these proportions are higher for the 1942 collections than for those 
of 1939 and 1940, due to the better preservation of the specimens). The 
interjacence of the hybrids is especially well shown by the character index 
which expresses the mouth and isthmus measurements (Table XI). The 
mouths of the hybrids show not only the usual features of intermediacy dis- 
played by any of the Catostomus x Pantosteus crosses (pp. 33-36), but also 
present in diluted form the special peculiarities of each of the local parental 
species (Pl. I, Figs. la—-c; Pl. VII, Figs. la—c). 

The hybrid indices when summarized for individuals (Table XX XIX) 
fluctuate over a rather wide range, but tend toward an interjacent position. 
The mean value (41) is the lowest for any of the hybrid combinations. The 
variability and the low value are both caused by the peculiar relationships 
discussed in the preceding paragraph. 

The intermediate hybrid nature of the aberrant suckers from the Santa 
Clara River system was confirmed by an analysis of an osteological charac- 
ter (Fig. 6), as represented in the 5 large specimens collected prior to 1942. 
The Catostomus species involved has a well-developed suboblong parietal 
fontanelle in the cranium, Pantosteus santa-anae typically has the fontanelle 
closed in the half-grown and adult, and the hybrids have an opening of 
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TABLE XXII 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus, SPECIES AND 
Pantosteus santa-anae, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, 
as a subscript, the number of specimens. 


Sespe Creek, Santa Clara River and | Santa Clara 
1942 Sespe Creek, 1939-40 River, 1940 
Measured DY. ossrccescsccctssssnnsinencr Hubbs Johnson | Johnson 
Size group, mm. 
CatOStONVUS, sD. cccncnae | earners 92-109 120-153, | ees 
Janene ies (101), (142), ace 
(Ely. DIS parser ats 141-184 87-130 99-114" | (Sees 
(167), (109) 3s - (108); (45) 
Pe SONUO-ONME crcssviincnse | scyascnacrir 93-123 89-126 39-49 
Seana (102), (108) 2. (42),5 
Body depth 
COLOSCOMUS ESD sqrceeen | eet 227-251 204=252) | eens 
eee (239) (222) Bie 
Sey DTICS enarceenaeer: 224-239 | 223-268 219-233 
(232) (243) (226) 
P. SQNEA-ANAE ooressoeseoss 214-238 173-263 
(226) (197) 
Caudal peduncle, depth 
CatostoMus, SP. cocoon 93-104 86-98 > 5 | "sae 
(99) (92) 
ELV DTS erent 91-104 96-98 
(98) (97) 
P. SQNtA-ANAE vecescssssie 86-97 78-92 
(90) (85) 
Head length 
CatostoMuUs, SP. erecccn | sreesanee 243-268 226-247 
Ce: (255) (236) 
Hy DIiGseecsees tere 256-265 | 247-277 251-263 
(263) (264) (256) 
BP SANGG-GNAE! cannnace |) mene 254-269 231-264 
Bre (263) (249) (278) 
Head depth 
CatostoMus, SP. coco ‘eecargnens 163-174 A152 | ee 
eRe (169) (149) eae 
EL YViOTIGS avin tree 162-173 154-184 L53=170 eee 
(168) (169) (162) (160) 
PD. SANEG-GNRAE cvrerrsitcnne | csnonenrn 155-171 136-159 161-170 
Re Snieen (164) (149) (166) 
Head width 
CatostoMus, SP. revs | stusmmen 161-172 148-159 
eon (167) (158) 
EL DTLGs een eee 172-190 | 168-187 158-163 
(181) (177) (161) 
Py. SGNEA-ANAE eccrine | seams 175-188 152-175 


Shas (182) (161) 
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Sespe Creek, Santa Clara River and | Santa Clara 
1942 Sespe Creek, 1939-40 River, 1940 
Measured Dy occccsccssssneasuen Hubbs Johnson Johnson 
Snout length 
CatostoMuUs, SP. ecco | sescemesre 112-113 107-120 
Piieiee (113) (113) eee 
RelaysOIEd (Singermann ect icaes 120-131 | 109-130 ALG 33 4 a | eee oes 
(127) (122) (126) (125) 
125 LODIGFOMOG cncecensn || xerassene 123-139 105-132 107-126 
aantiaa cet (182) (118) (117) 
Mouth width 
CAtOStOMUS, SP. cecrcsee | sessssrene 79-82 US lh a 
ek a (81) GOR > ea ee 
2S yd eg ko (cle erent re reer Oe 90-101 89-110 95-104 ee 
(94) (99) (99) (104) 
125 SOCIO rome || awenesne 119-134 94-117 111-126 
eye ate (127) (107) (117) 
Cartilaginous ridge, width 
CAtOSTOMUS, SP. rece | sesssseseen 39-44 35-43 
(41) (39) 
TBD ORIG IE). overcentre 44-56 42-51 
(51) (47) 
Py SANEA-ANGE oercresescsosse 59-68 47-61 
(64) (54) 
Mouth length 
CatOstoMUs, SP. reece 51-54 49-57 
(53) (54) 
TEE OUAUGUS) eereceeeoiee deere ears 59-79 62-72 
(69) (69) 
BP. SQNEG-ANAE cacrescrencen | cssnseanssen 84-95 66-80 
Essie (90) (73) 
Lower lip, union 
CAtOStOMUS, SP. creer | srsssnnesscn 15-22 14-17 
eee. (19) (15) 
RED TLCS) eeeterente ect 21-29 20-29 15-22 
(25) (25) (19) 
Py SOMUO-ANGE cercceciccsnee || creessersenecs 37-48 28-40 
eee (42) (35) 
Isthmus width 
CQEOSTOMUS, SP. cerserrene | ceeccesesenee | austere 3800 we nee 
cae (64) * (45) 
REA VOT OLS i recess pseieees avec 79-87 63-94 56-74 ee 
(81) (81) (66) (64) 
Pe SONLA-ANGE Lecterns ||) sevnsccssce 83-116 56-98 57-91 
(98) (78) (80) 


* In the smaller of the two hybrids in this set the gill membranes form a free fold 


across the isthmus, as in the teratological suckers described by Hubbs (1914a). 


In this 


specimen the scales are not increased in number as they were in the terata previously de- 


scribed; on the contrary the lateral line count is extremely low (69). 


measurement of this aberrant fish is not included. 


The isthmus 
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TABLE XXII—(Cont.) 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus, SPECIES AND 
Pantosteus santa-anae, AND OF THE PARENTAL SPECIES 


Sespe Creek, Santa Clara River and | Santa Clara 
1942 Sespe Creek, 1939-40 | River, 1940 
{3 
Measured DY mancncsnsastiencis Hubbs Johnson Johnson 
Dorsal fin to occiput, 
distance : 
CALOSTOMUS, SP. crevreiere | coesreereer 285-288 250-274 | eee 
metres (287) (266) senate 
EL Y DY10S eetoesna nee 281-300 | 274-301 240-2617 | ees 
(292) (288) (252 (267) 
Vie SIU comes || cemcee 269-298 242-284 239-263 
sscsinilas (285) _ (270) (252 
Dorsal fin base 
CAtOSTOMUS, BP. ceccerence | ssreresn oom 154-182 153=180)) | eee 
Si eotaate (168) (168) setisteectis 
TEL YVDT10S Beem cencecnere 171-188 | 157-188 162-179 mescaaeptee 
(183) (172) (167) (180) 
Pre) SANUG-ANGE vars |) ceeanten 147-196 133-164 142-160 
eee (167) (147) (151) 
Depressed dorsal fin, 
length 
CatostoMus, SP. ceccceee | ceussesnen 233-301 233-292 
ee Rie (267) (268) 
EL Y DT! CS ge en eeeee ee ett 254-280 | 241-300 253-283 
(267) (267) (268) 
PIeSQN(G-QNGG termcn en) ae eee 233-286 207-254 
Peciias (255) (225) 


TABLE XXIII 


DIMENSIONS OF THE PARIETAL FONTANELLE IN HYBRIDS BETWEEN Catostomus, SPECIES 
AND Pantosteus santa-anae, AND IN THE PARENTAL SPECIES 


Standard Length Width we eee 
length, of Fon- of Fon- : (A ae 
mm.(L) |  tanelle tanelle | ™™ (A) [ae 
Catostomus, species .......... 119 6.51 1.70 9.48 2.59 
152 8.30 1.49 9.99 2.08 
153 7.80 1.90 1170 1.90 
ELV OFS oseneucnn eee 99 5.16 0.89 3.47 1.88 
108 4.85 1.20 2.85 1.56 
109 5.86 0.97 3.53 1.72 
110 5.32 1.00 3.70 ny 65) 
114 5.39 1.23 3.35 1.61 
Pantosteus santa-anae ..... 99 3.12 0.20 0.35 0.60 
107 1.90 0.19 0.25 0.00 
109.5 0.00 0.00 0.00 0.49 
114 0.00 0.00 0.00 0.00 
115 0.00 0.00 0.00 0.00 
L175 0.00 0.00 0.00 0.00 
126 0.00 0.00 0.00 0.00 
Average 
Catostomus, species ...... 141 7.54 1.70 10.39 2.30 
Hy brides cet ae 108 5.32 1.06 3.38 1.70 
PANOSCEUS occ. - 113 0.72 0.06 0.08 0.15 
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Fic. 6. Comparison of parietal fontanelles in hybrids, Catostomus, species x Pantos- 
teus santa-anae, and in the parental species (Table XXIII). 

All figures were drawn to the same scale with the aid of a camera lucida. 

Top row, Catostomus, species: left, from specimen 120 mm. long, taken in Santa Clara 
River, Ventura County, California; center and right, from specimens respectively 152 and 
153 mm. long, seined with the hybrids. 

Middle row, hybrids: from right to left, drawn from 5 specimens grading from 99 to 
114 mm. in length (U.M.M.Z. No. 131666). 

Bottom row, Pantosteus santa-anae: sketched from 7 specimens, grading from 99 mm, 
(at left) to 126 mm. long. 
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intermediate size. The fontanelle in the hybrids tends to be pointed fore 
and aft. The length and width figures as well as the area computations are 
given in Table XXIII. The area was obtained by proportion from (1) the 
leneth of the fontanelle as measured on the specimen to .01 mm., with pre- 
cision dial calipers; (2) the length of the opening as measured on the figure, 
which was carefully drawn with the aid of a camera lucida; (3) the area of 
the sketch of the fontanelle, determined by planimeter. The hybrid indices 
average 33 for the length, 39 for the width, and 28 for the relative area of 
the fontanelle. The closer approach toward the Catostomus thus indicated 
may be due to the facts that the fontanelle tends to become reduced in rela- 
tive size with age, and that the measured hybrids average smaller than the 
3 specimens of the Catostomus which were examined for this character. 


8. Catostomus tahoensis x Pantosteus lahontan 
(Pl. I, Fig. 2b; Pl. VII, Fig. 2b) 


U.M.M.Z. No. 124861: 3 half-grown measuring 71 to 84 mm. in standard length, col- 
lected by Carl L. Hubbs and family in Carson River, 2 miles west of Fallon, Nevada, at 
an elevation of 3970 feet; July 30, 1938. 

U.M.M.Z. No. 124870: 1 half-grown 96 mm. long, obtained on the same expedition in 
Humboldt River at Irish-American Dam, about 3 miles northeast of Lovelock, Nevada; 
July 31, 1938. 

U.M.M.Z. No. 124919: 3 young to small adult fish 35.5 to 128 mm. long, also taken on 
the same trip, in Hot Creek, tributary to Pony Creek and thence to Pine Creek, in the 
Humboldt River system in Eureka County, 31.6 miles by road south of Carlin, Nevada; 
August 12, 1938. 

U.M.M.Z. No. 133688: a breeding pair 106 and 122 mm. long, collected by Garth 
Murphy in Little Truckee River just above the head of Boca Dam, about 7 miles east of 
Truckee, Nevada County, California; June 26, 1940. 

U.M.M.Z. No. 133816: 1 half-grown 86 mm. in length, taken by J. R. Alcorn in Carson 
River at Coleman Dam, Churchill County, Nevada; April 27, 1940. 

U.M.M.Z. No. 136273: 1 yearling 46 mm. long, seined by Carl L. Hubbs and family 
in North Fork of Humboldt River near mouth, Elko County, Nevada, June 29, 1942. 

U.M.M.Z. No. 136274: 1 adult of 123.5 mm., taken on the same trip in Truckee River, 
3.3 miles above Wadsworth, Washoe County, Nevada, July 22, 1942. 

U.M.M.Z. No. 140235: 6 yearling to small adult specimens 67-118 mm. long, seined 
by Robert R. Miller and party in Little Truckee River, 14 miles north of Truckee, Sierra 
County, California; August 15, 1942. 

U.M.M.Z. No, 140243: 2 yearlings 44 to 55 mm. long, taken on the same expedition 
in Prosser Creek, 4.5 miles north of Truckee, Nevada County, California; August 15, 1942. 

U.M.M.Z, No, 140285: 3 young and 1 small adult 24 to 96 mm. long, secured on the 
same trip in a distributary of the East Fork of Carson River, Douglas County, Nevada; 
August 19, 1942. 

U.M.M.Z. No. 140302: 2 adults 157 to 165 mm, long, obtained by the same party in 
Carson River, 12 miles east of Carson City, Nevada; August 20, 1942. 

U.M.M.Z. No. 140370: 1 half-grown of 80 mm., seined on the same trip in a distribu- 
tary of Buckeye Creek, about 3 miles north of Bridgeport, Mono County, California; 
August 26, 1942. ; ; 

U.M.M.Z. No. 140390: a 68 mm. yearling, also taken on the same expedition in a dis- 
tributary of Buckeye Creek, below Highway 395; August 28, 1942. 
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These hybrids between the 2 common suckers of the Lahontan interior 
drainage basin conform to the general pattern. They exhibit intermediacy 
in the various ways that all Catostomus x Pantosteus do (pp. 33-36). 

In number of dorsal rays (Table XXXII) the hybrids yield an inter- 
mediate average despite the fact that the means for the parental species 
differ by only 0.28 of a ray. Though the parental differences in the scale 
counts are not large, intermediacy of the averages is indicated for the 10 
specimens collected prior to 1942. Except for fin-ray counts no enumera- 
tions or measurements were taken on the 18 obvious hybrids collected in 
1942, when the manuscript was in press. 


TABLE XXIV 


RELATIVE NUMBERS OF Hysrips, Catostomus tahoensis x Pantosteus lahontan, AND OF THE 
PARENTAL SPECIES 


Specimens in University of Michigan Catostomus Hebd Pantosteus 
Museum of Zoology tahoensis Jee lahontan 
In collection containing hybrid 

U.M.M.Z. No. 124861 88 3 39 
U.M.M.Z. No. 124870 13 il ey 
U.M.M.Z. No. 124919 7 3 70 
U.M.M.Z. No. 133688 2 2 16 
U.M.M.Z. No. 133816 i 1 1 
U.M.M.Z. No. 136273 12 1 46 
U.M.M.Z. No. 136274 85 il 5 
U.M.M.Z. No. 140235 33 6 31 
U.M.M.Z. No. 140243 10 2 49 
U.M.M.Z. No. 140285 50 + 181 
U.M.M.Z. No. 140302 58 2 57 
U.M.M.Z. No. 140370 80 1 + 
U.M.M.Z. No. 140390 51 1 1 
WIRE cess Screech ee ee en READ 500 28 677 
Hromt the Liahontan SySt@M ae... 3282* 28 2007 


* Perhaps one-third of the Catostomus specimens were collected in places where 
neither the Pantosteus nor hybrids occur. Pantosteus is very generally accompanied by 
Catostomus. 

In either 2 or all 3 of the series as tabulated, representing either 9 or 10 
of the 10 specimens, the average values for the following proportionate 
measurements of the hybrids measured (Table XXV) intervene between 
those of the parental species: length, depth, and width of the head, the width 
of the isthmus, and all the mouth measurements. The length of the snout 
shows nothing important, and there is some doubt as to the significance of 
the head-width proportion. The form of the snout, as well as that of the 
mouth, however, bespeaks the origin of the hybrid (Pl. I, Figs. 2a-c; Pl. VII, 
Figs. 2a-c). 

The 10 individual hybrid indices based on all counts and measurements 
vary from 15 to 86, and average 44, not far below the theoretically perfect 
intermedial value of 50 (Table XXXIX). 
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TABLE XXV 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus tahoensis AND 
Pantosteus lahontan, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Carson and Humboldt Rivers Little Truckee 
and Hot Creek, Nevada River, California 
Size group, mm. 
Co. TANOCNS18 icrrcesessccecesss 32-43 62-89 77-134 
(37), (76). (105). 
lake Mernnomiewee |  cmateeese, 71-128 106-122 
(35), (89), (114), 
PE LAHON UG mmm eenene 31-53 63-99 87-108 
(35)10 (80) 20 (97). 
Caudal peduncle, depth 
Co TAROCNSIS Wetec 75-84 86-95 90-95 
(79) (89) (93) 
ISI AQMLE! eecencapimccsree || eneareseme 83-96 95-96 
(86) (88) (96) 
LOHONLGV een ee 75-86 72-92 86-92 
(81) (84) (90) 
Head length 
CO. TAGNOENSIS evcrccissssrcnsen 260-294 246-275 248-261 
(275) (257) (255) 
DSR eMOLN Wotan Ay) avi hathen ec 241-255 242-249 
(283) (246) (242) 
Pe VARONTAM cseecsss scence 240-279 217-245 226-239 
(264) (233) (235) 
Head depth 
C. CAROCNSIS icciccrccsscnss 164-183 147-164 152-158 
GL 7a) (157) (155) 
ELY-DTLGS semen eee | 136-151 150-151 
(160) (147) (151) 
PB. UGRONAN veteccctsnnanen 141-158 122-142 129-142 
(152) (136) (137) 
Head width 
C. TAROCNSIS ooervsercssecinee 156-165 146-167 150-153 
(160) (154) (151) 
By brides cocci, |e ee eel 148-164 150-158 
(152) (152) (154) 
ELON ONAN meee 147-155 137-156 149-169 
(150) (149) (158) 
Isthmus width 
C. CANOENSIS rcececsesesns 52-66 57-71 52-62 
seth (59) (63) (57) 
4! Maemetne cere me aber 68-85 75-75 
P. lahontan Se ce a 
© CANONTAN voecrecsercssssien 77-103 86-103 83-99 
(89) (94) (91) 


a ee eee 


The measurements are ex 
given for each item the range 


of the measurements 


a subscript, the number of specimens. 
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TABLE XXV—(Cont.) 


PROPORTIONATE MEASUREMENTS oF HYBRIDS BETWEEN 
Pantosteus lahontan, AND OF THE PARENTAL SPECIES 

pressed as thousandths of the standard length. There are 

; the average, in parentheses; and, as 


Catostomus tahoensis AND 


Carson and Humboldt Rivers Little Truckee 
and Hot Creek, Nevada River, California 
Snout length | 
Co CGNOCNSIS ovvvccrsrsrecnsce 89-109 98-130 116-117 
(97) (111) (117) 
EBV DT ISM ree sc Aull) © aan tea 104-123 115-121 
(102) (112) (118) 
PE UGRONCON ricceenccn 93-110 102-117 109-129 
(104) (110) (122) 
Mouth width 
Co TAROCNSIS oorcecccsnsesesc: 70-87 73-94 79-81 
(78) (78) (80) 
Ey DTIC Speer cere | ca nia 79-100 89-89 
(87) (89) (89) 
J? WN POUSUGHOS comctmotoonts re 74-99 91-114 93-126 
(91) (102) (116) 
Cartilaginous ridge, width 
CO. CANOCNSIS oorcrerrsssresroee 32-47 38-46 36-39 
(39) (41) (37) 
poids ee eet es Pl tee tie 45-50 46-49 
(48) (48) (47) 
BPS VARONTON ccrccictasicneen 43-59 51-61 61-72 
(55) (57) (68) 
Mouth length 
CORLOHOCTSIS earner 44-61 46-64 53-55 
(52) (52) (54) 
ey DEIdSmerer se eeoees |) Lue 57-72 60-62 
(59) (63) (61) 
Po VGRONGOI. ecrccecccscecosse 55-74 63-75 70-91 
(65) (69) (80) 
Lower lip, union 
CE EGROCNSIS virsccttrascecen. 9-15 10-13 13-14 
(12) (12) (13) 
FEDyjOEUS eee eee | | cantaacnantee 20-25 20-24 
(17) (22) (22) 
LON ONUAIU eet 19-36 27-41 37-46 
(25) (35) (41) 


After the foregoing account had been prepared it was discovered that 
Catostomus tahoensis and Pantosteus lahontan differ in the usual number of 
pelvic rays, and that in this character the hybrids are almost exactly inter- 
mediate (Table XX VI). 

Intermediacy of the hybrids in developmental features of pigmentation 
was observed in studying the 1942 collections. As the scales become devel- 
oped anteriorly the scale pockets become rather sharply outlined with dark 
in Pantosteus lahontan, but are only obscurely bordered in Catostomus taho- 
ensis. At this stage the pigment on the side of the head barely extends to 


58 HUBBS, HUBBS, AND JOHNSON 


the line passing through the lower border of the eye in the Pantosteus, but 
tends to pass below that point in the Catostomus. As development proceeds 
the lower border of the lateral band on the head is gradually extended below 
the eye in the Pantosteus, but at comparable stages the pigment extends 
farther down in the Catostomus. Furthermore, the lower margin of the 
pigment tends to form an even and regular line in the Pantosteus, so that the 
head appears sharply bicolored, whereas in the Catostomus the lower border 
of the pigment is less even and the lower side of the face tends to be mottled 
(Pl. VII, Figs. 2a-c). In all these respects the hybrids are intermediate. 


TABLE XXVI 


NUMBER OF PELVIC RAYS IN HYBRIDS BETWEEN Catostomus tahoensis AND 
Pantosteus lahontan, AND IN THE PARENTAL SPECIES* 


Number of Rays in Both Pelvie Fins 


16 17 18 19 20 21 22 23 24 
CoStGhOGN StS tam. | enon) meee 6 30 269 63 77 1 1 
TLY-DTIGS gece ees8|| Tease al Glee 9 5 13 AR ees soe th ees: 
P. lahontan ...... 12 17 297 24 PA! Te | emeerireta| Malar Ve IE 8 rs 

Statistical computations 
No. Range Ave. S.E. V | Hybrid Index+8.E.; 

C. tahoensis ....... 447 04 AD) ee eee 
Hybrids... 28 18 4.9 52+9 
P. lahontan ....... 379 04 4.0). \)) a) Bigesaae 


* These data were obtained too late to be used in the subsequent computations of 
hybrid intermediacy. 


9. Catostomus catostomus griseus x Pantosteus jordani 
(Pl. VII, Fig. 3b) 
U.M.M.Z. No. 127541: 1 half-grown 98 mm. in the standard length measurement, 


collected by Carl L. and Laura C. Hubbs in Sweetwater River at Hudson’s Ranch, Fre- 
mont County (Town 30 N., Range 95 W.), Wyoming; July 11, 1934, 


TABLE XXVII 


RELATIVE NUMBERS OF HysriDs, Catostomus catostomus griseus x Pantosteus jordani, 
AND OF THE PARENTAL SPECIES 


——— 


Specimens in University of Catostomus - Pantosteus 
Michigan Museum of Zoology sy siti Hybrids jordani 
In collection containing hybrid ; 
MOM Z. NG. 127540) coke eae 2 55 
U.M.M.Z. No. 127548 .. 13 if 
Total 15 56 
From the Platte River system oo... 692* 


a eee 


* Some of these specimens came from localities below the known altitudinal range of 
Pantosteus jordani. 


The measurements are expressed as thousandths of the standard length. 
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TABLE XXVIII 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus catostomus griseus 
AND Pantosteus jordani, AND OF THE PARENTAL SPECIES 


59 


There are 


given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Sweetwater River and Alkali Creek, Wyoming 


Size group, mm. Snout length 
CACO TNS CUS ers tiece sate 79-173 CRC OMISCUST = ene 105-135 
(118).15 (117) 
VERANO) ccreacrmmacee nares |p Eaaeeeae eo Ely Ti Cigeeenee sn eet || ens aoe ake 
(98) (115) 
TE. HOURGIGHOG, Cenc ee 83-125 23 VOIROGH OO: onsen wsomersm ea 105-112 
(98)10 (109) 
Caudal peduncle, depth Mouth width 
ORONO TUS CWS eect rect 79-95 CCR ORUSCUS a men tarnai rss 84-93 
(86) (88) 
JERR OWN) crsscomenesrens | | paibeeearens EV Dri greene | | timers 
(93) (93) 
IE GORCGI DO eeeencere ns 81-88 PG OER OT mena 94-110 
(85) (102) 
Head length Cartilaginous ridge, width 
CACNOTUSCUS prem tes 241-266 CCN GTUSCUS Peaentrncans 43-48 
(258) (46) 
ISS) omtemrcnes | ones 1S hyAdat ks Wet came tence al cutapestadeints 
(235) (52) 
PA OV GON acs aca 210-232 POVOndAniien cannes: 61-70 
(220) (66) 
Head depth Mouth length 
CG) GTASCUS netics: 138-153 GACH OTUSE USWreteen att: 59-70 
(148) (66) 
ISAO meee ||  _ coumenaerne IGANG) compmnammaatorcasy |) | ceeenenras 
(136) (64) 
12 POOLS cones 122-138 PRT ORGAO enters: 60-72 
(129) (66) 
Head width Lower lip, union 
OREM OTUSCUS Mer triece pss. 155-171 CONG OTUS CU Sarre tenn 10-17 
(161) (18) 
FY DOT I ceccecssssssnsoceceesene | sstesresenesean JBhAvaCbecwermanrmureems ||  cameervaen 
; (152) (27) 
12, WORE. eevee ae 143-150 EV OT LGTY seen tee nase ene 30-41 
(147) (37) 
Isthus width 
CC OTIS. GUS tre nie eter 60-71 
(64) 
FY DTI eeessssssssssssntesenee | sssentneserseen 
(73) 
TE, ORONO: emcovecsencnccs 85-102 
(92) 


U.M.M.Z. No. 127548: 1 yearling seined by Carl L. Hubbs and family in Alkali Creek, 
a tributary of Sweetwater River, 14 miles by road from U. 8. Highway 87W toward the 
Red Desert, Fremont County (T. 29 N., R. 96 W.), Wyoming; July 11, 1934. 


Since hybrid No. 127548 became misplaced before detailed counts and 
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measurements were taken, nothing more can be said of it than that it was 
compared with No, 127541 and found similar, that it was also intermediate 
between the assigned parental species, and that an identification of the 
hybrid as between Catostomus commersonnii sucklii and Pantosteus jordant 
seemed excluded by such characters as a high scale count. C.c. sucklii was 
collected with the hybrids (44 with No. 127541 and 24 with No. 127548). 

There can be no doubt that 1 parent of these 2 hybrids was Pantosteus 
jordani (if that is the proper name for the form occupying Sweetwater 
River). That the other parent was C. catostomus griseus rather than C. 
commersonti. sucklii seems evident from the high scale counts (Tables 
XXXIII-XXXVII; Fig. 7). No. 127541 shows scale counts that intervene 
nicely between the means for griseus and jordant. The dorsal ray count 
(Table XXXII) is inconclusive. ; 

In its proportionate measurements (Table XXVIII) the single hybrid at 
hand is intermediate between griseus and jordani in the length, depth, and 
width of the head, the width of the isthmus, the length of the snout, the 
over-all width of the mouth, the width of the cartilaginous ridge, and the 
length of the union of the lower lips. It is off-center in respect to the depth 
of the caudal peduncle and the length of the mouth (virtually insignificant 
characters in this comparison). 

The hybridity of the available example is confirmed by the various fea- 
tures shared in general by the Catostomus x Pantosteus hybrids (pp. 33-36 ; 
Pl. VII, Figs. 3a—c). Its hybrid index is 44. 


10. Catostomus latipinnis discobolus x Pantosteus delphinus wtahensis 


U.M.M.Z. No. 124767: 1 young 25 mm. long, collected by Carl L. Hubbs and family 
just above the mouth of a small tributary of Virgin River, immediately below mouth of 
La Verkin Creek, near La Verkin (Town 41 8., Range 13 W.), Utah; July 3, 1938. 


TABLE XXIX 


RELATIVE NUMBERS OF HYBRIDS, Catostomus latipinnis discobolus x Pantosteus 
delphinus utahensis, AND OF THE PARENTAL SPECIES 


Specimens in University of sadness : Bantodteys 
Michigan Museum of Zoology pepbib? epee pee es 
sis 
Tn collection containing hybrid 
WIMEMEZ IN Os 24:7 0. meceereaneeres 16 1 119 
From the Virgin River system ........... 125 1 590 


This additional combination between a fine-scaled Catostomus and a Pan- 
tosteus falls in line with the other interspecific sucker hybrids in regard to 
the relationship between its characters and those of the parental species. 
The scales appear to be intermediate in number, but are too poorly developed 
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TABLE XxX 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus latipinnis discobolus 
AND Pantosteus delphinus utahensis, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 


given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Tributary of Virgin River, Utah 
Size group, mm. 
CRURGISCODOLUS I ce cans 89-105 
(35), (97)4 
ELV OV UG eee erence sretegarees| | | atischescta natant 
(25), 
ie OU UIVEISUS pene eee cr 380-35 
(33)« 
Caudal peduncle, depth 
CGRUZOISCOUGLUS ee ce) eeeeeceee 58-63 
(60) (61) 
Eley; DEL meme erence | kerry ears | termite 
(30) een eh) eee 
ZC UCAIUCNSUSmnn etree nena ce ee ee peo mets 
(79) (80) 
Head length 
CRUAISCODOUS Me Re eee NL) eastanve 254-272 
(279) (265) 
Ty Dridmietite ene |) eee ee | es 
(2.3170) a | ssc 
(2 OR ULGICNSTS Steen rte eee ae D810 90 elie we wees. 
(289) (248) 
Head depth 
OS GRECOLOUIID scercecmeteoreees || 9 eeereror: 157-165 
(168) (160) 
TEE AOE) commnrtccteeemepemaemonce |p aerate 
(168) 
PRO E UL GIUGIUSUS) nemessesrrre te nieciictonere: 160-171 
(168) 
Head width 
CME AISCO DOLLS eal | ec 
(151) (165) 
FEL yi DTC een eee, IN | 6 eeeititndeee 
ge (162) 
SPEC RALEOMENSUS Weer ter eres crores 154-169 
(167) 
Isthmus width 
CIM GUSCODOVUS tacrerecanicatccess J aranreerteeree 
(54) 
JE, Gah ORGY OGL secon er eee cee ot 
Snout length 
J MGISCODOLUS acc meee 
C. 1. discobolus (105) (139) 
1 64 07 9 Cs ee ii) eats | Ca tgs 
GIR cme 105-123 
To, ib, CRIN ESI. teccseeerenrerierees (an) (107) 
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TABLE XXX—(Cont.) 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus latipinnis discobolus 
AND Pantosteus delphinus utahensis, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Tributary of Virgin River, Utah 


Mouth width 
COSTA discobolus™ 2. ee 100-113 
(89) (105) 
EDV DUG, sscsacctercivalescustsicssosrscsncsrcesmttclissacosecorvtece | nm | Meee oe ea 
f (86). © ai Bia eee 
PAG AULORCN StS = ee eee 01-124. 5 1). es ee 
(113) (127) 
Cartilaginous ridge, width 
CLL digbobblial nn, ua cee te ae 36-39 
(38) (37) 
LY Did Sires csssascconcacece tomer ee ae ee | 
(48) Oe 1] pee 
EE LOCC N SG ea ee 53-62 ies 
(58) (64) 
Mouth length 
CRLSAsCObOlUs tein eee en | 
(64) 
Hy DYid pace cna eee ae tise acme oe 
(59) 
Ly UL GNCNStS ance ate 64-84 
(75) 
Lower lip, union 
CSUN GiSCO VOUS en epee ee | 11-20 
(13) (16) 
Ags) Gener eee eee Pee 
Oe ty Oe er 
Prd. Utahensts dee ee 24-81 et Gn eee Be ee ee 
(30) (39) 


in the one small example to be counted with accuracy. The dorsal rays 
(Table XXXII) number 11 instead of usually 13 or 14, as in the local stock 
of C. 1. discobolus, or 9 or 10, as in P. d. utahensis. 

Material for a comparison of the proportionate measurements (Table 
XXX) is very unsatisfactory. The most critical measurements, of the width 
of the isthmus and of the cartilaginous ridge, and of the length of the union 
of the lower lips, do exhibit the expected intermediacy. Under the circum- 
stances the over-all width of the mouth does not. The other measurements 
are hardly critical enough to warrant consideration. 


CONCLUSIONS 


Although we miss the evidence of experimental matings and of cytologi- 
cal abnormalities that is available for other families of fishes, we feel that 
the data presented in this paper demonstrate that distinct species of the fish 
family Catostomidae do hybridize in nature. In general, the natural hy- 
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brids in this family seem to be of rather rare and sporadic occurrence (Table 
XXXT). The 182 hybrids identified in this family constitute 11.5 and 7.2 
per cent of the specimens, respectively, of the more primitive and of the 
more specialized of the parental species with which they happened to be 
collected, but only 1.8 and 1.5 per cent of the specimens of the 2 species from 
the same river systems (as delimited in Table XXXII). If we could satis- 
factorily exclude the specimens that were taken in those parts of the river 
systems that are inhabited by only 1 of the species, the ratio of hybrid fre- 
quency would be raised somewhat. In those parts of the stated stream Sys- 
tems where both parental species occur, perhaps 1 sucker in 100 on the 
average is an intPaspecific hybrid. 

In 6 of the 10 crosses the frequency of hybridization is probably less than 
the average figures just given, but in 4 of the combinations, the hybrids seem 
to occur much more commonly. The hybrids between the not closely related 
species Catostomus macrocheilus and C. syncheilus (both subspecies) consti- 
tute 15.1 and 21.6 per cent of the individuals of the respective parental forms 
with which they were collected, and 6.4 and 4.2 per cent of the total num- 
bers of the parental species at hand from the same river systems. In 2 com- 
binations the hybrids are scarce in comparison with one of the parental 
species but, on the basis of the known material, actually seem in one cross to 
approximate and in the other to outnumber the second parental species, 
which is extremely rare in the same river system. There has obviously been 
in each case some extreme disruption of the normal ecological relationships. 
In one of the combinations we can feel reasonably sure that the basis for the 
anomalous mating relationship was the recent introduction of one of the 
forms, Catostomus commersonnii sucklii, into the Colorado River system, 
where Pantosteus d. delphinus, the other parental species, abounds. In the 
other similar situation, we can explain the extreme rarity of one parental 
species (Catostomus, species) as due either to its recent introduction, or, 
more plausibly, to the destruction of its former habitat, following the use 
of the stream water for irrigation. On either basis, this rare form would 
have been forced into association with an abundance of another species, Pan- 
tosteus santa-anae, with which most of its few spawners would appear to 
have hybridized. In this situation the rare species appears from observa- 
tion as well as on theoretical grounds to be approaching extinction. The 2 
specimens of Catostomus and the 38 hybrids collected on October 2, 1942, 
showed gonadal evidence of having spawned little to not at all during the 
preceding spawning season. In this combination the sex ratio may be some- 
what disturbed. 

The rare and sporadic occurrence of specimens unclassifiable as to spe- 
cies, except where the normal population ratios have been greatly disturbed 
as just indicated, is a main reason for the interpretation of the aberrant 
individuals as hybrids. The presumed parental species are known to occur 
in the same system and have generally been collected with the fish thought 
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to be hybrids. No integrity of populations or of spawning runs, or other 
evidence of specific integrity, has been indicated for the aberrant types. 
Their characters, particularly in the intergeneric crosses, Catostomus x Pan- 
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Fic. 7. Comparison of various sucker hybrids with their parental species in the 5 
scale counts (Tables XX XIII-XXXVII). 


CATOSTOMUS 
ALONG LATERAL LINE 


tosteus, are discordant with the taxonomic system of the family. Nor do 
they have features which would lead one to regard them as extreme variants 
or mutant sports of any recognized species. No assumption other than that 
of the intermating of species in nature agrees with the facts. 

The most cogent reason that favors the hypothesis of hybridity is that 
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TABLE XXXTII 
NUMBER OF LATERAL LINE SCALES IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 


Number of Lateral Line Seales (Frequencies) Statistical Computations 


76— | 79—| 82—| 85— 


103— | 106— | 109- | 112— | 115- | 118— |} 121— | 124— 
78 81 84 87 


105 | 108 | 111 | 114 | 117 | 120 | 123 | 126 || No | Range* 


tah On| PA gl Wheel PS let bam nS a: us an ce a mee - ae 27 55-65 
ES . Pad ieee fy pee Ae a “4 “ on he ' aw 5 72-87 
et, Pel cc eae) ch Hac ae We 3 2 5 2 I eS us 31 86-118 
7 3 Tees odd | ee: eee ae oe Ye See ed ibe ea cor ae 50 61-83 
3 9 Bola Dhs ce bP ee een tae ok eele ee Bee “sos dbo Fant) | oleee. tule dae. Lee 41 76-100 
we were | eS pe 8 2 5 83 -* if ig 62 93-113 
9 Cae Meer Ome id ew Pa) fe cae OO ee a ee a ere S| ae ae ot oc Scone 39 67-93 
ene oe ee eee ee ees eee ee ato hc ane OAT eh) oe 2 85-99 
RT eS Mal | oe eae es ee a ean Ce 7 7 1 1 x. oF 1 39 | 90-124 
Seo ae A Seat oat | SL a ee eee Bd Pp Eo Pe An & a fou 10 56-64 
sah OM eA Re es at ot Se Re eel el re i |e ee ee a ee a ee, 2 67-77 
SAN aes ian eee ee ES Ne ee oa ee ee Rp ee hehe SS lle ee 10 78-97 
| hs keel) Sek aa eR iene ee | I fee | es aN ee en ee 84 | 55-68 
er re erie i | Re Wedel 11> fe vee | cn sh ee — _ in ¥ sae she a ee 7 63-100 
er taal 60 Peed i ete Ce ee) Tih eeu 8 2 He Be 1 nas st 25 84-118 
Seth tl at Sel oo Ge | gee ee ed, edie ai al seen) ae ae ee eee 40 56-67 
ache (Age hii lee : Hs we a ha om ae “iid ay 21 61-70 
ae 1 y Lae pi 2) Oe a4 oe ees ‘ae = fe ss ra 40 61-79 
a Nike 1 ee oe Ks a ae a ae ig 5 69-88 
11 9 Ol. 3+) ot ates Mee ie ee eek aan ee, ee ee pert S an 44 66-89 
T3227 Pan es ee ee Dee ee Rae Re eee eet ree oe ue aa 2 BR Oe 46 69-87 
at 1 2 + = £4 es ms, as a i, 13 80-93 
hens PE an Ps Cee es oe I ae aa a ine ae ae Sr ae ek el Ri ee ce ee 9 73-92 
6 6 Aichi, Si oS. eee ie eee ck ea ee eS See sere eee ee A ei De 27 72-99 
aiG. a. Bens M 4 1 3 2 au ee be 12 | 102-117 
a elisa aaa Rigs fan es a ieee ge Oe aa ee ee Sas a em oe ae as Pe an a $3. 23 a8 vk 90 
Se i 2 3 es £ ae -_ ae =. ~ ae lh 77-89 
Co die al eee ed oie ES |e eee 
‘om the original, unclassed data. 
the counts listed in the top row. 
| 
| 


TABLE XXXIV 
NUMBER OF PREDORSAL SCALES IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 


Number of Predorsal Scales (Frequencies) : Statistical Computations 
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TABLE XXXV 
NUMBER OF SCALES ABOVE THE LATERAL Ling IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 


Number of Scales above the Lateral Line (Frequencies) Statistical Computations 
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TABLE XXXVI 


Seales below Lateral, Line (Frequencies) 
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* Including the counts listed in the top row. 
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7-9 7.48 
8-11 10.00 
9-15 11.45 
7-10 8.27 
9-13 11.40 
11-16 13.35 
7-11 8.95 
8-11 | . 10.08 
11-17 14.61 
7-8 7.60 
8-8 8.09 
9-12 11.00 
7-9 7.56 
8-12 10.14 
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9-13 10.80 
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TABLE XXXVII 
NUMBER OF SCALES AROUND THE CAUDAL PEDUNCLE IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 


Number of Scales around Caudal Peduncle (Frequencies) 


Statistical Computations 


20 29 | 30 | 31 | 32 No. | Range | Ave | 9B. | v_ | Hybrid 
ES er ee ae ee MR ee 27 19-23 20.30 23 50s) at 
et Teed eee os: 4 27-29 28.00 Al 2.9 72 
bea re bre ee te 33 26-36 30.97 39 7.2 ok 
BBS) TBP BI BE Decca DY since | semieey eset een ee 48 18-24 20.71 19 6.41 seas 
ve Male eat eee ie 40 23-30 27.00 25 5.9 59 
eA Cr aBel viomiets 52 27-38 31.29 26 6.0 a 
a ee ee ee A le |e 38 20-25 21.68 22. | 625ea1 sae 
etd cach ww of bob wel ae) Lal rr ee 2 26-28 27.0% ae. - 499 
ee foe EWN) eran Reem ete s eee (Rage) 7 \10 1. 6 40 30-38 32.55 35 6.8 = 
a er a er Deere ty ep 10 18-22 20.00 39 62°.) 
ee en | ee ee ee i ee! 2 24-25 24.59 ot oe zy 58% 
bi Scie el Peele. 10 26-29 27.70 BT 4.2 -. 
6 eed ee ae er ee 34 18-23 20.18 19 te oe 
SE Ta Bel oe. Wk Cae || Oe Loi] Nee heee 7 22-30 25.78 lek iay A OuaLy 64 
CJC) Sees 23 25-32 28.83 AQ 7.0 a 
Ae FANE IG | OSS) B04 Le | ee ee ee ee 40 19-25 21.85 pT es NN Yao Pe 
soil Cede tibet ee 21 21-25 23.14 23 4.6 44 
Det ee TaN ae) 7 |B ee eee 39 23-28 24.79 9 4.8 % 
mae Pee de 5 25-28 26.80 58 | 4.35 of 
ee have, Ape 44 25-30 27.98 20 | 4.85 48 
- OT ata base ae 46 27-32 29.28 18 | 4.25 ame 
i, pie ae 1 ee 14 29-33 30.86 27 3.3 ae 
ie Side Liat We Alea 9 26-29 27.78 40 4.3 60 
el eae aaete | 6 | 42h 8. 3 nn ee 28 | 23-28 | 25.71 | 29 | 60 |... 
ie Tol ee Brie 6 12 29-33 31.42 29 3.2 a 
Se a PB | lee oD 1 29 29.09 Ik s 399 
Oe IN Al sn de en | <7 -nlle seth aoe ne) een eae) 11 | 23-26 | 25.27 360) 47 ~ 
{ - 
acluding the counts listed in the top row. , 
4 of S 


HYBRIDIZATION OF SUCKERS 67 


the aberrant specimens are uniformly intermediate between the species which 
logically may be assumed to be parental. This basis for the identification 
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HYBRID INDICES FOR ALL CHARACTERS OF ALL COMBINATIONS 
Fig. 8. Histogram showing frequency distribution of the average hybrid index for 
each hybrid specimen (Table XXXIX). 


Shaded rectangles represent Catostomus x Pantosteus hybrids; the hollow blocks, 
Catostomus x Catostomus crosses. The concordant data of 1942 for the Catostomus, 
species x Pantosteus santa-anae cross and 18 dorsal ray counts for Catostomus tahoensis x 
Pantosteus lahontan were added to the text after the graph was drawn. 
of natural hybrids has already been treated (pp. 12-14). We point out now 
how well the data for the Catostomidae conform with the general observa- 
tion that, in fishes at least, systematic characters usually exhibit a seemingly 
almost Galtonian type of inheritance. 
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Whenever there is a marked and trustworthy difference between the 
parental species in the number of dorsal rays, the averages for the hybrids 
intervene nicely between the means for the parental species (Table XXXII). 
This is also true for the number of scales in each of the 5 series counted 
(Tables XXXIJI-XXXVII; Fig. 7.) In 3 of the combinations the pelvic 
rays were found to average fewer than in one species but more than in the 
other (Tables VIII and X XVI). 

The proportionate measurements of the hybrids, in general, also inter- 
vene between those of the parent forms (Tables II, VI, X, XIV, XVI, XIX, 
XXII, XXV, XXVIII, and XXX). The evidence is not quite so clear as 
for the counts, in our opinion principally for the reason that the measure- 
ment data need to be separated by localities and size groups, thus greatly 
restricting the size of each unit of comparison. Even so, the average values 
are intermediate in the hybrids for almost all the proportions in which the 
species involved show any considerable difference. 

The intermediacy of the hybrids is exhibited also in many features of 
form and coloration, as outlined through the text and as illustrated in Plates 
III-VII. As compared with its mate in miscegenation, one of the parental 
species usually has a larger, more depressed, more bulbous snout, that pro- 
jects farther beyond the more inferior mouth, and the hybrid is in between. 
Usually, one of the species is darker and more strongly mottled than the 
other species, and the hybrid again forms a graded series with its parents. 
In the Catostomus commersonnii suckliix Catostomus catostomus griseus 
cross, intermediate life colors were also observed (p. 19). In one of the 
Catostomus x Pantosteus combinations the hybrids were seen to be inter- 
mediate in developmental features of pigmentation (pp. 57-58). 

The position of the hybrids between the parental species is strikingly 
brought out by certain character indices (the use of the character index is 
explained and justified on pp. 4-6). Indices which sharpen the expression 
of difference between the species and emphasize the intermediacy of the 
hybrids are as follows: 


Sum of all scale counts minus number of dorsal rays, for the Catostomus macro- 
cheilus x C. syncheilus combinations (Table V; Fig. 1). 

Sum of 3 scale counts minus sum of the other 2 scale counts, for the Catostomus 
insignis x Pantosteus clarkii cross (Table XVIII; Fig. 5). 

Distance from dorsal fin to occiput divided by length of depressed dorsal fin, for the 
macrocheilus x syncheilus series (Table VII; Fig. 2). 


Sum of several proportionate measurements of mouth and isthmus (Table XI; Figs. 
3-4). 


The hybrid indices (pp. 6-8) tend to approximate very closely the 
value 50, which is the indication of exact intermediacy on a percentage scale, 
in which the mean value for one parental type is set at 0 and that of the 
other species at 100. The hybrid indices for the several characters yield a 
grand average of 51 (Table XX XVIII). The hybrid indices for the charac- 
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ter indices of mouth and lip structures average 42 (Table XII). The aver- 
ages of the summary hybrid indices for all the characters in each individual 
vary from 41 to 56 for each of the 10 combinations, with a grand average of 
49—again very close to exact intermediacy (Table XX XIX; Fig. 8). 

For a few characters the hybrid indices tend toward a trimodal distribu- 
tion, with modes below 0 and near or above 100 as well as the submeridian 
one (Table XX XVIII). This is true of the indices for dorsal ray counts, 
despite the fact that the average number of rays of this fin in the hybrids lies 
between the means for the parental species (Table XXXII). The reason is 
that the averages for the parental species of certain crosses differ by less 
than 1.0 ray so that the counts for the hybrid, necessarily whole numbers, 
often fall beyond the mean for either parental species. The hybrid counts 
must all fall beyond either the one or the other of the parental means in the 
combination, Catostomus tahoensis x Pantosteus lahontan, for in this cross 
the means for the parental species, respectively 10.38 and 10.10, both lie 
between two integers; if the hybrid count is 10 the index will be above 100, if 
11, below 0. A tendency toward extreme indices is also shown for the 
counts of scales above and below the lateral line and for the depth of the 
caudal peduncle, because the Catostomus, species x Pantosteus santa-anae 
hybrids tend to have high values for these characters (see p. 49). The 
hybrid indices cluster close about the mean value of 50, for the characters by 
which the parental species on the average differ by more than 30 per cent 
(Table XX XVIII, next to last row). 

The tendency toward intermediacy pervades the whole structural system 
of the organism, involving internal as well as external characters. In this 
respect, too, the sucker hybrids agree with interspecific crosses in other fish 
families—for instance in the Pleuronectidae (Hubbs and Kuronuma, 1942). 
The intercalation of the catostomid hybrids between the parental species in 
structural features is particularly well shown by the mouth characters (as 
demonstrated through the preceding text, in Tables XI-XII, in Figs. 3-4; 
and as illustrated in Pls. I, II, and IV). Differences in color of peritoneum, 
length of intestine, and size of air bladder are also involved. As shown by 
Figure 6 and Table XXIII the degree of development of the parietal fonta- 
nelle is intermediate in the hybrid between Catostomus, species and Pantos- 
teus santa-anae (the 2 larger C. commersonnii x P. delphinus hybrids fail 
to show such intermediacy, and the (, insigmis x P. clarkii cross was not 
studied in this regard). No other explanation than that of hybridization 
would seem capable of explaining the interposition of the whole array of 
characters between those of 2 species. 

An intermediate type of relative growth in 1 hybrid is indicated by 
plotting the character index based on the lip and isthmus structures (Fig. 4). 

In all ways, therefore, the hybrids tend to be intermediate between the 
species which miscegenated to produce them, and the intermediacy is often 
highly specific ; that is, the hybrids have characters which lie between those 


aml 
= 


HYBRIDIZATION OF SUCKERS 


‘SOSSO1D SNAISOJUDT X SNUWWOZSOIMD 94 UT SotoedS snajzsozuDg OY} puv sprlaqdYy snwojsory Xx snwojzso.My OY} UL sNWOZSOIND poTeos-ouy oJ, t 
“SplaqAY snazsopzung X SNwozsSoVD OY} UT SaTVIds snwojsojYD OY} PUL SOSSOID SNWOISOJDY X SNWOISOJDY OY} UL SNWOPSOIDD POTeaS-O81O0D OT, } 


‘eyep possepoun ‘TeVULstIo WO posed , 


lon Men Be) 


8T 
6 
96 


oO oD H 


de enssavarscevceeasescnsesessasecssnsucsosansses 8 soroods [eyueivg 

Nene nena pasesaencesseeaeneasacssscsscssasesenseseacs spraiq Ay 
“ ~ soroeds [eyueieg 
SODIPUL PUB S}JUNOD IOF ‘STV4O, 


Aon 


et tt 


Oro 


tN 


mann 


““ g sortoeds [vyueieg 
serencneeceesansssenenersees, spriqA FT 
T sovods [eyuoivg 


(IX PUB ITA S°14®.L) 
suotjiodoid ‘xoput toyovreyQ 


stones veueeecsecsensssacsecasssenssasssanasseees V4 sotoods [eyue1eg 


seep eacensccrsccnvececesescepenseseassesensnecsaesseacansasoesesteseracen spriqAH 
wa rgQensesnscoasecceceasseacnanucesenstserassoes T sotoods [eyue1eg 
(IITAX 148%) 8}un0d opvos ‘xopur rojyovreyO 
g sovoods [equoieg 
sevoncencocbbucesssceansence spriqAyy 
T soroods pequoreg 
(A 1¢8.L) 

sjunood ABA puB o[voS ‘xopur IoJoBILYO 
'g sorvoeds [eyuoreg 
spraqay 
' T soroeds [eyueieg 

(IIAXXX-IIIXXX s21qBL,) syunod apeag 
ap “ tg sotoods [eyuoieg 
“ spriqA yy 
eG TERE oo {{ soroeds [eyuereg 


(IIXXX ‘TAXX ‘IITA 8e1qvy,) syunos Ley 


~ OAV 


‘ON 


6 SE 6 IT 66 
0} 04 04 
OCT 0OT 0°8 


ApIqurre A FO spuoroyyooy 


SHI0Gdg ‘IVINGUVG AHL NI GNV SdIudAH GIWOLSOLVO NI (A) ALIIAVIUVA JO SLNALOIMAOD JO SaIONTAdTET 


TX WIladvil 


72 HUBBS, HUBBS, AND JOHNSON 


of the particular forms with which they are associated. This particularized 
intermediacy may be seen in external features of general appearance (as 
shown on Pls. III to VII) ; particularly well in mouth structures (p. 34; Pls. 
J-II) ; also in size of scales, including the squamational pattern (pp. 22, 30, 
37, 40, and 48; Pl. V; Fig. 7), and in many other characters. By such rela- 
tions the interpretation of the variant suckers as hybrids is strongly verified. 

As evidence of hybridity, a point of outstanding importance is that 
several uncorrelated characters in the same set of specimens show inter- 
mediacy between the same pair of species. Thus, the suckers of the Colum- 
bia River system which are intermediate between C. macrocheilus and C. 
syncheilus in the number of scales and dorsal fin rays (Fig. 1) also show 
intervening values in the relative length of the depressed dorsal fin and of 
the distance forward to the occiput (Fig. 2). The uniform tendency toward 
intermediacy is witnessed by almost the entire body of data in the present 
study. 

All of the data on the interspecific hybrids in the Catostomidae therefore 
conform to the rule that simple Mendelian segregation is seldom displayed 
in the inheritance of the systematic characters of fishes (Hubbs, 1940: 
205-9). This rule holds whether the differences between the parental spe- 
cies be qualitative or quantitative and whether the differences be large and 
striking, or so minor as to be demonstrable only by statistical analysis. Uni- 
formly, the offspring exhibit intermediate characteristics. They do not 
grade from the one extreme of one parental species to the opposite extreme 
of the other form involved in the cross: for any character the frequency dis- 
tribution is in general similar to that displayed by each parental species 
(Figs. 1-38, 5, 7; Tables V, VII, VIII, XI, XVIII, XXVI, XXXII- 
XXXVII). The tendency for the hybrid indices to cluster about the point 
(50) of exact intermediacy (Tables XII, XXXVIII-XXXIX;; Fig. 8) con- 
firms the same principle. There is, of course, a theoretical possibility that 
Mendelian segregation may obtain, for there is a conceivable (though re- 
mote) chance that all characters show a balance between dominance and 
recessiveness, 

For each character and for all characters combined, the hybrids seem to 
show little if any increase in variability as compared with the parental spe- 
cies. This conclusion, based on an inspection of the figures and tables, has 
been confirmed by computing and summarizing the coefficients of variability 
(V). The coefficients have the same order of range and of magnitude in the 
hybrids that they do in the parental species (Table XL). The slightly 
higher average coefficients shown by the hybrids for certain features is to be 
explained as a consequence of the smaller samples, which cause the values of 
V to fluctuate; a few values are sufficiently high to raise the average a little. 

The fact that the coefficients of variability are not notably increased in 
the hybrids conforms to the principle that systematic characters show a 
seemingly Galtonian type of inheritance. Obviously there has been no large 
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amount of error in the identification of the hybrids, for if there had been 
many mistakes, the variability would have been greater. Clearly, too, there 
can have been little backcrossing between the hybrids and the parental 
species, for this would also have led to a marked increase in variability. 

Since, so far as we have discovered, there has been little if any back- 
crossing between the catostomid hybrids and their parental species and no 
real hybrid populations have been built up, we are unable to indicate that 
interspecific hybridization has played a role of any speciational importance 
in the Catostomidae. The fact that Catostomus syncheilus is intermediate 
in many respects between Catostomus macrocheilus and Pantosteus jor- 
dani—two other species of the Columbia River system—suggests the possi- 
bility that it may have arisen through the hybridization of those forms. 
C. syncheilus, however, shows its full specific distinctness in certain peculiar 
features, by its occurrence in many places with only one or with neither of 
the other species, and by the fact that it breaks up into its own series of local 
races. The approach toward Pantosteus also displayed by Catostomus 
catostomus conceivably could have been due to past hybridization, followed 
by backcrossing and inbreeding. It is our opinion, however, that the char- 
acters which Catostomus syncheilus and C. catostomus share with Pantosteus 
are the products of parallel evolution, for all of these features can be related 
to life on the bottom of swift, shallow streams. Such parallelisms are abun- 
dantly illustrated by fresh-water fishes (Hubbs, 1940, 19410). 
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PLATE I 


Mouths of sucker hybrids and parental species 
Drawn by Grace Eager 
The enlargements were adjusted so that the specimens of the parental species (a and 
c) were represented as if they were of the same size as the hybrid (b). 


Fic. la. Catostomus, species: U.M.M.Z. No. 131665, 153 mm, in standard length, 
from Sespe Creek, Ventura County, California. 

Fig. 1b. Hybrid: U.M.M.Z. No. 131666, 114 mm. long, from the same collection. 

Fig. le. Pantosteus santa-anae: U.M.M.Z. No. 131657, 95 mm. long, from pond off 
Piru Creek, Ventura County, California. 


Fic. 2a. Catostomus tahoensis: U.M.M.Z. No. 124855, 83 mm. long, from Carson 
River, Churchill County, Nevada. 

Fig. 2b. Hybrid: U.M.M.Z. No. 124861, 84 mm. long, from the same collection. 

Fic. 2c. Pantosteus lahontan: U.M.M.Z. No. 124856, 84 mm. long, from the same 
collection. 

Fig. 3a. Catostomus insignis: U.M.M.Z. No. 121641, 91.5 mm. long, from Middle 
Fork of East Branch of Black River, Apache National Forest, Arizona. 

Fie. 3b. Hybrid: U.M.M.Z. No. 121642, 94 mm. long, from the same collection. 

Fie. 3c. Pantosteus clarkii: U.M.M.Z. No. 121640, 90.5 mm. long, from the same 
collection. 


PLATE III 


Hybrid sucker, Catostomus commersonnii sucklu x Catostomus 
catostomus griseus, and the parental species 
Photographed by Clarence Flaten 

Fie. 1. Catostomus commersonnii sucklii: U.M.M.Z. No. 132229, 155 mm. in stand- 
ard length, from Laramie River, Albany County, Wyoming. 

Fie. 2. Hybrid: U.M.M.Z. No. 132230, 152 mm. long, from the same collection. 

Fic. 3. Catostomus catostomus griseus: U.M.M.Z. No. 132217, 156 mm. long, from 
North Platte River, east of Parco, Carbon County, Wyoming. 
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PLATE IV 
Hybrid sucker, Catostomus commersonnit sucklii x Pantosteus 
jordani, and the parental species 
Photographed by Clarence Flaten 

Fie. 1. Catostomus commersonnii sucklii: U.M.M.Z. No. 132236, 55 mm. in standard 
length, from Lodgepole Creek, Kimball County, Nebraska. 

Fig. 2. Hybrid: U.M.M.Z. No. 120375, 56 mm. long, from Grace Coolidge Creek, 
Custer County, South Dakota. 

Fig. 3. Pantosteus jordani: U.M.M.Z. No. 120378, 55 mm. long, from Stockade 
Beaver Creek, Weston County, Wyoming. 
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PLATE V 


Hybrid sucker, Catostomus commersonnii sucklii x Pantosteus 
delphinus delphinus, and the parental species 
Photographed by Clarence Flaten 
Fig. 1. Catostomus commersonnii sucklii: U.M.M.Z. No. 132218, 127 mm. in stand- 
ard length, from the North Platte River, Carbon County, Wyoming. 
Fia. 2. Hybrid: U.M.M.Z. No. 136912, 128 mm. long, from Dry Creek, 3 miles west 
of Olathe, Montrose County, Colorado. 


Fig. 3. Pantosteus delphinus delphinus: U.M.M.Z. No. 113424, 123 mm. long, from 
Green River, at Green River, Wyoming. 
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PLATE VI 


Heads of sucker hybrids and their parental species 
Photographed by Clarence Flaten 

Fig. la. Catostomus macrocheilus: U.M.M.Z. No. 130470, 149 mm. in standard 
length, from Sucker Creek above Rockville, Malheur County, Oregon. 

Fie. 1b. Hybrid: U.M.M.Z. No. 130471, 150 mm. long, from the same collection. 

Fig. le. Catostomus syncheilus syncheilus: U.M.M.Z. No. 130469, 138 mm. long, 
from the same collection. 

Fig. 2a. Catostomus macrocheilus: U.M.M.Z. No. 98721, 202 mm. long, from Smokle 
Creek, north of Almota, Whitman County, Washington. 

Fie. 2b. Hybrid: U.M.M.Z. No. 98709, 204 mm. long, from South Fork of the 
Palouse River, Whitman County, Washington. 

Fie. 2¢. Catostomus syncheilus palouseanus: U.M.M.Z. No. 98707, 178 mm. long, 
from the same collection. 

Fig. 384. Catostomus insignis: U.M.M.Z. No. 110431, 105 mm. long, from Taylor 
Creek, Gila National Forest, New Mexico. 

Fie. 3b. Hybrid: U.M.M.Z. No. 110433, 110 mm. long, from the same collection. 

Fig. 8c. Pantosteus clarkii: U.M.M.Z. No. 124743, 111 mm. long, from Gila River 
at Cliff, Grant County, New Mexico. 
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Heads of sucker hybrids and their parental species 
Photographed by Clarence Flaten 


Fig. la. Catostomus, species: U.M.M.Z. No. 133857, 119 mm. in standard length, 
from Santa Clara River, Ventura County, California. 

Fig. 1b. Hybrid: U.M.M.Z. No. 131666, 114 mm. long, from Sespe Creek, Ventura 
County, California. 

Fig. le. Pantosteus santa-anae: U.M.M.Z. No. 131756, 115 mm. long, from North 
Branch of Warm Spring Creek, San Bernardino County, California. 


Fig. 2a. Catostomus tahoensis: U.M.M.Z. No. 124912, 114 mm. long, from Hum- 
boldt River, Elko County, Nevada. 

Fie. 2b. Hybrid: U.M.M.Z. No. 133688, 122 mm. long, from Little Truckee River, 
Nevada County, California. 

Fig. 2c. Pantosteus lahontan: U.M.M.Z. No. 124869, 119 mm. long, from Humboldt 
River at Irish-American Dam, Pershing County, Nevada. 

Fie. 3a. Catostomus catostomus griseus: U.M.M.Z. No. 132217, 95 mm. long, from 
North Platte River, Carbon County, Wyoming. 

Fig. 3b. Hybrid: U.M.M.Z. No. 127541, 98 mm. long, from Sweetwater River, 
Fremont County, Wyoming. 

Fie. 3c. Pantosteus jordani: U.M.M.Z. No. 127540, 99 mm. long, from the same 
collection. 
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